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ABSTRACT
A s tu d y  was made o f  th e  hum ic a c id s  and  th e  e p i r o d i n  
p ig m e n ts  p ro d u c e d  b y  th e  fu n g u s  E p icoccum  n ig ru m . E p i r o d in  
m ix was show n t o  be b i o l o g i c a l l y  a c t i v e  a g a i n s t  A r te m ia  s a l -  
i n a  and  B a c i l l u s  s u b t i l i s . and  t o  a  l e s s e r  e x t e n t ,  a g a i n s t  
C h l o r e l l a  p y r e n o id o s a . S p e c t r o s c o p ic  a n a ly s e s  r e v e a l e d  
much i n f o r m a t i o n  c o n c e rn in g  th e  p h y s i c a l  and  c h e m ic a l  n a tu r e  
o f  th e  e p i r o d i n s ,  U V -v is ib le  a b s o r p t i o n  s t u d i e s  and  q u a n ­
t i t a t i v e  h y d ro g e n a t io n  showed th e  ch rom ophore  t o  be a  l a c ­
to n e  c a rb o n y l  i n  c o n j u g a t io n  w i th  a  c o n ju g a te d  h e p ta e n e  fu n c ­
t i o n .  By i s o m e r i z a t io n  i n  th e  p re s e n c e  o f  io d i n e  and  l i g h t ,  
t h i s  c h a in  was shown t o  e x i s t  i n  an  a l l - t r a n s  c o n f i g u r a t i o n .  
The i n d i v i d u a l  e p i r o d in s  c o n ta in e d  th e  same ch ro m o p h o re . 
I n f r a r e d  a n a ly s e s  in d i c a t e d  th e  p r e s e n c e  o f  h y d ro x y l  g ro u p s  
a s  w e l l  a s  m e th y l ,  m e th y le n e ,  and  c a rb o n y l  f u n c t i o n s .  Mass 
s p e c t r o m e t r y  o f  th e  t r i m e t h y l s i l y l  e t h e r  d e te r m in e d  th e  e p i ­
r o d in s  t o  have a  h ig h  m o le c u la r  w e ig h t o f  a b o u t  953 and  a -  
b o u t  8 -1 0  h y d ro x y l  g r o u p s .  C h em ica l s t u d i e s  show ed them  t o  
be s e n s i t i v e  t o  p e r i o d a t e ,  i n d i c a t i n g  th e  p r e s e n c e  o f  1 , 2 -  
g l y c o l  g r o u p s ,  and  p e rm a n g a n a te . A z e la ic  and  s u b e r i c  a c id s  
w ere i s o l a t e d  fro m  p e rm an g an a te  o x id a t io n .  B rom ine was r e a d ­
i l y  t a k e n  u p . Two f r e e  a c id  f u n c t io n s  w ere fo u n d  t o  be p r e ­
s e n t  w i th  a  t h i r d  becom ing  a p p a re n t  upon s a p o n i f i c a t i o n ,  
E p i r o d in  m ix w as c a p a b le  o f  b e in g  a c e t y l a t e d ,  r e i n f o r c i n g  
th e  p r e s e n c e  o f  a  num ber o f  h y d ro x y l f u n c t i o n s .  From th e
d a t a  o b t a in e d ,  a  w o rk in g  s t r u c t u r e  f o r  th e  e p i r o d i n  m o le -  
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c u le  was p ro p o s e d .
I n v e s t i g a t i o n s  w ere made c o n c e rn in g  th e  n a t u r e  o f  th e  
b i o l o g i c a l  a c t i v i t y  o f  e p i r o d i n  m ix . F u n g i w ere  s l i g h t l y  
s e n s i t i v e  t o  th e  t o x i n  w h ile  a g a i n s t  y e a s t s ,  i t  was more 
e f f e c t i v e .  The i n h i b i t i o n  a g a i n s t  y e a s t s  c o u ld  be r e v e r s e d  
by  a d d i t i o n  o f  s t e r o l ,  E p i r o d in  m ix was fo u n d  t o  be c a p a b le  
o f  l y s i n g  human e r y t h r o c y t e s .  H em o ly sis  c o u ld  be c o m p le te ly  
r e v e r s e d  by  a d d i t i o n  o f  se ru m , o r  p a r t i a l l y  r e v e r s e d  by  a d d ­
i t i o n  o f  s t e r o l  o r  o f  - g l o b u l i n .  The mode o f  a c t i o n  o f  
e p i r o d i n  m ix a lo n g  w ith  i t s  c h e m ic a l p r o p e r t i e s  s u g g e s te d  
t h a t  i t  was r e l a t e d  t o  th e  p o ly e n e  m a c ro lid e  a n t i b i o t i c s .
E x a m in a t io n  o f  th e  hum ic a c id s  showed them  t o  c o n t a i n  
num erous am ino a c id s  and  p h e n o l ic  com pounds. They w ere  i n ­
a c t i v e  a g a i n s t  A, s a l i n a , B. s u b t i l i s , and  C , p y r e n o id o s a . 
T hey  d id  n o t  a p p e a r  t o  be r e l a t e d  t o  th e  e p i r o d i n  p ig m e n ts  
i n  a n y  w ay.
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I* INTRODUCTION
A . M e ta b o lic  P r o d u c ts .
M o le c u le s  s y n th e s iz e d  i n  th e  fu n g a l  c e l l ,  a s  i n  m ost 
c e l l  s y s te m s ,  c a n  be c l a s s i f i e d  i n t o  one o f  tw o b ro a d  g ro u p s i  
t h e  p r im a ry  m e ta b o l i t e s  and  th e  s e c o n d a ry  m e t a b o l i t e s .  P r i ­
m ary  m e ta b o l i t e s  co m p rise  th o s e  m o le c u le s  t h a t  a r e  fo u n d  i n  
p r a c t i c a l l y  a l l  c e l l s  and  s e r v e  a s  f u n c t i o n a l  c o n s t i t u e n t s .
They in c lu d e  com pounds su c h  a s  n u c l e i c  a c i d s ,  p r o t e i n s ,  p o ly ­
s a c c h a r i d e s ,  and  l i p i d s .  S e c o n d a ry  m e t a b o l i t e s ,  on th e  o th e r  
h a n d , c a n  be d e t e c t e d  o n ly  i n  c e r t a i n  s p e c i e s .  J Z  - c a r o t e n e ,  
f o r  e x a m p le , i s  fo u n d  i n  many s p e c i e s  o f  f u n g i i  h o w ev e r , i t  i s  
by  no  m eans u n i v e r s a l l y  d i s t r i b u t e d .  And w h ile  th e  e f f e c t  o f  
p r im a ry  m e ta b o l i t e s  on a  sy s te m  i s  c h a r a c t e r i s t i c ,  th e  r o l e  
o f  s e c o n d a r y  m e ta b o l i t e s  i s  u s u a l l y  d u b io u s .
T h e re  a r e  s e v e r a l  a d d i t i o n a l  d i s t i n c t i o n s  b e tw e e n  th e  tw o 
g ro u p s  o f  m e t a b o l i t e s .  The p r im a ry  m e ta b o l i t e s  a r e  e s s e n t i a l  
t o  th e  l i f e  o f  th e  c e l l i  th e  s e c o n d a ry  m e ta b o l i t e s  a r e  n o t .
The l a t t e r ' s  f o r m a t io n  d ep e n d s  on th e  c o n t e n t  o f  th e  medium t o  
a  g r e a t  e x t e n t .  A ls o ,  s e c o n d a ry  m e ta b o l i t e s  a r e  p ro d u c e d  from  
a  few  k ey  in t e r m e d ia t e s  o f  p r im a ry  m e ta b o l is m , and  th e y  a r e  p r o ­
du ce d  w hen a  s u b s t r a t e  o th e r  th a n  c a rb o n  becom es l i m i t e d .  T h is  
s u g g e s t s  t h a t  s e c o n d a ry  m e ta b o lis m  p r o v id e s  a  pa thw ay  f o r  th e  
re m o v a l o f  i n t e r m e d ia t e s  t h a t  w ould  o th e r w is e  a c c u m u la te .  Thus 
i t  e n a b le s  th e  p r im a ry  p r o c e s s e s  l e a d in g  t o  t h e s e  in t e r m e d ia t e s  
t o  re m a in  o p e r a t i o n a l  d u r in g  tim e s  o f  s t r e s s  ( 2 ) .  The w ork i n
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2t h i s  t h e s i s  c o n c e rn s  th e  p ig m e n te d  s e c o n d a ry  m e ta b o l i t e s  o f  
E p icoccum  n ig ru m .
B . E p icoccum  n ig ru m  an d  I t s  M e ta b o l i t e s .
The m old g e n u s  E p icoccum  f i r s t  a p p e a re d  i n  th e  l i t e r a ­
t u r e  i n  1816 w i th  a  d e s c r i p t i o n  by  L in k . He d e s c r ib e d  i t  a s  
h a v in g  "C om pact, ro u n d  s tr o m a  w ith  s p r e a d ,  s u b g lo b u lo s e  s p o -  
r i d i a .  The s p o r i d i a  f a l l  down from  i t  d i s p e r s e d ,  and  th e y  
do  n o t  h id e  th e m s e lv e s  a s  i n  D erm ospo rium . n o r  do  th e y  f a l l  
down i n  t h i c k  l a y e r s  a s  i n  T u b e r c u la r i a e . w ( 3 ) .  H ow ever, 
L in k ’ s  d e s c r i p t i o n  d id  n o t  in c lu d e  an y  in f o r m a t io n  c o n c e r n in g  
s p o re  ty p e  o r  c o l o r ,  o r  how th e  s p o r e s  w ere d i s t r i b u t e d .  
T h e r e f o r e ,  t h e r e  was some c o n f u s io n  r e g a r d in g  i t s  l o c a t i o n  
on th e  ta x o n o m ic  s c a l e ,  and  many d i f f e r e n t  s t r a i n s  o f  E p i ­
coccum  w ere i s o l a t e d .  B u t i n  1959 S ch o l-S c h w a rz  d e m o n s t r a te d  
t h a t  a l l  s e v e n ty  s t r a i n s  o f  th e  g en u s  E p icoccum  c o u ld  be u n i ­
te d  i n t o  a  s i n g l e  s p e c i e s ,  E p icoccum  n ig rum  L in k  (* 0 . He 
a l s o  i d e n t i f i e d  a  se c o n d  member o f  th e  g e n u s ,  E p icoccum  a n d r o -  
p p g o n is  C e s a t i ,  A c c o rd in g  t o  th e  p r e s e n t l y  a c c e p te d  c l a s s i ­
f i c a t i o n ,  t h e s e  tw o  m olds c o n s t i t u t e  th e  s e c t i o n  D ic ty o s p o ra e  
o f  th e  f a m ily  T u b e r c u la r i a c e a e  d e m a tic e a e  o f  th e  O rd e r M o riil-  
i a l e s  o f  th e  F u n g i I m p e r f e c t !  ( 1 ) .
E p icoccum  n ig ru m  i s  a  h ig h l y  p ig m en te d  m o ld , r a n g in g  i n  
c o l o r  from  r e d  t o  o ra n g e -b ro w n  d e p e n d in g  on th e  age  o f  th e  
m yce lium . I n  1 9 0 3 , v a n  I t e r s o n  (5 )  was th e  f i r s t  t o  ac k n o w l­
ed g e  th e  r e d  p ig m e n ta t io n  on f i l t e r  p a p e r  c a u se d  by  th e  my­
c e liu m  o f  E p ico ccu m  n ig ru m . I n  1 9 0 8 , L in d n e r  (6 )  s tu d i e d
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3a l c o h o l i c  e x t r a c t s  o f  th e  r e d  m ycelium  and d e s c r ib e d  th e  
change o f  m y c e l i a l  c o l o r  from  r e d  t o  b ro w n -re d  i n  a g in g  c u l ­
t u r e s .  B u t i t  w as n o t  u n t i l  1912 , when Naumann b eg a n  h i s  
w o rk , t h a t  t h e  p ig m e n ts  w ere s tu d i e d  t o  an y  g r e a t  e x t e n t  
( 7 , 8 ) .  He s t u d i e d  th e  e f f e c t s  o f  s a l t s ,  c a rb o h y d r a te s ,  v a r ­
io u s  n i t r o g e n  s o u r c e s ,  o sm o tic  p r e s s u r e ,  l i g h t ,  te m p e r a tu r e ,  
and  s e v e r a l  g a s e s  on th e  p r o d u c t io n  o f  p ig m e n ta t io n .  He 
fo und  t h a t  th e  fu n g u s  p ro d u c e d  more r e d  p ig m en t i n  th e  d a r k ­
n e s s  th a n  i n  th e  l i g h t .  He d e m o n s tra te d  th e  p re s e n c e  o f  a  
p u r p l e - r e d  p ig m e n t i n  young m y c e lia  w h ich  was s o lu b le  i n  
m e th a n o l , e t h a n o l ,  and  w a te r .  I n  a c i d i c  s o l u t i o n  N auroann's 
p ig m e n t was y e l lo w i  h o w e v e r , upon a d d i t i o n  o f  a l k a l i ,  i t  r e ­
sumed i t s  r e d  c o l o r ,  Naumann a l s o  o b s e rv e d  th e  t r a n s i t i o n  
from  th e  p u r p l e - r e d  c o l o r  t o  brow n i f  th e  p ig m en t was ex p o se d  
t o  a i r .  He w as l a t e r  a b l e  t o  show t h a t  t h i s  o x id iz e d  p ig m en t 
was i d e n t i c a l  t o  t h a t  fo u n d  i n  a g in g  m yce lium , and  i t  was no  
lo n g e r  r e s p o n s iv e  t o  c h a n g e s  i n  pH.
R e s e a rc h  on th e  p ig m e n ts  o f  E p icoccum  n ig rum  was a p p a r ­
e n t l y  d i s c o n t in u e d  f o r  a  p e r io d  o f  t im e .  H ow ever, i t  r e ­
a p p e a r s  i n  th e  l i t e r a t u r e  i n  1951 w ith  th e  w ork o f  M oreau 
and M oreau ( 9 ) .  T hey c u l t i v a t e d  th e  o rg an ism  on m aize  and 
o b ta in e d  a  y e l lo w  c u l t u r e  f l u i d  from  a  b ro w n -re d  m yce lium . 
Upon a d d i t i o n  o f  s u l f u r i c  a c i d ,  a  f i n e  r e d  p r e c i p i t a t e ,was 
o b s e rv e d .  B u t i f  more a c id  w ere a d d e d , th e  p r e c i p i t a t e  d i s ­
a p p e a re d .  H ow ever, i f  am monia was a d d e d , i t  tu r n e d  a  b r i g h t  
lem on y e l lo w .  Thus M oreau and M oreau d e s c r ib e d  th e  p ig m en t 
a s  b e in g  y e l lo w  i n  a l k a l i  and  r e d  i n  a c i d ,  th e  e x a c t  o p p o s i te
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o f  w hat Naumann had  o b s e rv e d .
S c h o l-S c h w a rz  ( 4 )  a l s o  c a r r i e d  o u t  s e v e r a l  e x p e r im e n ts  
on th e  p ig m e n ts  o f  th e  r e d  c o lo r e d  m yce lium . He fo u n d  th e  
c o l o r  t o  be y e l lo w  i n  a c i d ,  r e d  i n  weak am m onia, b u t  g o ld e n  
y e l lo w  i n  e x c e s s  a l k a l i .  Thus i t  was becom ing  more and  more 
e v i d e n t  t h a t  t h e r e  w as more th a n  one p ig m en t b e in g  p ro d u ced  
b y  E p icoccum  n ig ru m , and  t h a t  th e  v a r i o u s  g ro u p s  o f  w o rk e rs  
w ere m ost p r o b a b ly  w o rk in g  w i th  q u i t e  d i f f e r e n t  com pounds.
M eanw hile B am fo rd , N o r r i s ,  and  Ward (1 0 )  had  b eg u n  g ro w - 
in g  E p icoccum  n ig ru m  i n  s h a k in g  l i q u i d  c u l t u r e s .  The o rg a n ­
ism  was fo rm in g  a  d a rk  r e d  m ycelium  w i th  th e  c u l t u r e  f l u i d  
b e in g  th e  same c o l o r .  From t h i s  f l u i d  was i s o l a t e d  a  y e l ­
low  p ig m en t w h ich  th e y  c h a r a c t e r i z e d  a s  f l a v i p i n  ( 3 # ^ # 5 - t r i -  
h y d ro x y -6 - m e th y lp h th a la ld e h y d e )  ( F ig .  1 ) .
F ig u r e  1 . F l a v i p i n .
F l a v i p in  had  f i r s t  b e e n  i s o l a t e d  i n  1956 by  R a i s t r i c k  and  
Rudman (1 1 )  from  A s p e r g i l l u s  f l a v l p e s  and  A s p e r g i l l u s  t e r r e u s . 
I n  s tu d y in g  th e s e  o r g a n is m s , R a i s t r i c k  and Rudman had  fo u n d  
t h a t  th e  p r o d u c t io n  o f  f l a v i p i n  was m a rk e d ly  i n f lu e n c e d  by  
c u l t u r a l  c o n d i t i o n s ,  e s p e c i a l l y  by  th e  co m p o s t io n  o f  th e  
c u l t u r e  m edium . F o r  e x a m p le , th e y  i n i t i a l l y  i s o l a t e d  f l a ­
v i p i n  from  A s p e r g i l l u s  f l a v l p e s  grow n i n  R au lin -T hom  s o l u t i o n
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5w here i t  was o b ta in e d  i n  good y i e l d .  B u t i f  th e  o rg a n ism  
w ere c u l tu r e d  i n  C zapek-D ox medium* th e r e  was no  f l a v i p i n  
o b t a in e d .
W hile  f o l lo w in g  th e  p ro c e d u re  o f  B am ford e t  a l .  ( 1 0 ) ,  
F oppen  (1 )  was u n a b le  t o  d e m o n s tra te  a n y  p r o d u c t io n  o^  f l a ­
v i p i n  i n  E p icoccum  n ig ru m . B urge ( 1 2 ) ,  who was w o rk in g  w ith  
th e  same UNH s t r a i n  o f  E p icoccum  n ig ru m  u s e d  i n  t h i s  t h e s i s ,  
a l s o  had  d i f f i c u l t y  i n  o b ta in in g  th e  p ig m e n t. Y et he fo und  
t h a t  i f  he u se d  m ycelium  a l r e a d y  g ro w in g  i n  l i q u i d  c u l t u r e  
a s  in o c u lu m , f l a v i p i n  was in d e e d  p ro d u c e d .
Bam ford e t  a l .  (1 0 )  fo u n d  f l a v i p i n  t o  h ave  c o n s id e r a b le  
b i o l o g i c a l  a c t i v i t y .  A t pH 3 .5  an d  a  c o n c e n t r a t i o n  o f  1 2 .5  
u g /m l, i t  a lm o s t  c o m p le te ly  p r e v e n te d  th e  g e r m in a t io n  o f  
B o t r y t i s  a l l i i  c o n i d i a .  H ow ever, th e  a c t i v i t y  was q u ic k ly  
l o s t  i f  th e  pH was m a in ta in e d  a t  4 .5  o r  a b o v e . A low  a n t i ­
b a c t e r i a l  a c t i v i t y  o f  f l a v i p i n  was o b s e rv e d  w h ich  was a t t r i b -  
u tec l t o  th e  pH o f  th e  m edium. E k a  (1 3 )  a l s o  n o te d  th e  f u n ­
g i s t a t i c  a c t i o n  o f  h i s  p ig m e n t a t  pH l e v e l s  l e s s  th a n  5 .0 .
He fo u n d  t h a t  a t  c o n c e n t r a t i o n s  o f  5#  (w /v ) ,  th e  g ro w th  o f  
B o t r v t i s  a l l i i  was i n h i b i t e d  t o  8 2 # , w h e re a s  i n h i b i t i o n  to  
E p icoccum  n ig ru m  was o n ly  1 # . H ow ever, a t  s u f f i c i e n t l y  low  
l e v e l s  o f  f l a v i p i n  su c h  a s  0 .3 # ,  E k a  fo u n d  t h a t  th e  g ro w th  
o f  b o th  o rg a n ism s  was s l i g h t l y  s t im u la t e d *  0 .1 #  f o r  B o t r y t i s  
a l l i i  and  0 .6 #  f o r  E p icoccum  n ig ru m . B urge (1 2 )  was a b l e  t o  
show  some a c t i v i t y  i n  th e  f l a v i p i n  he i s o l a t e d  from  th e  UNH 
s t r a i n  o f  E p icoccum  n ig ru m . He fo u n d  i t  t o  have  m in im a l a c ­
t i v i t y  a g a i n s t  B a c i l l u s  m e g a te riu m  s p o r e s  a s  com pared  w ith
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6o th e r  b a c t e r i a l  i n h i b i t o r s ,  b u t  i t  w as s t i l l  som ew hat a c t i v e  
a t  c o n c e n t r a t i o n s  o f  0 ,5  m g/m l. And a t  t h i s  same c o n c e n t r a ­
t i o n ,  i t  was shown t o  have  c o n s id e r a b le  p h y to to x ic  a c t i v i t y  
a g a i n s t  b o th  C h l o r e l l a  p v r e n o id o s a  and  C h l o r e l l a  v u l g a r i s .
As was m e n tio n e d  p r e v i o u s l y ,  F oppen  (1 )  was u n a b le  t o  
d e t e c t  an y  f l a v i p i n  i n  h i s  c u l t u r e  b r o t h .  I n s te a d  he had  a  
r e d  w a te r - s o lu b l e  p ig m e n t w h ich  w as u n s ta b l e  i n  e t h a n o l ,  
m e th a n o l ,  and  a c e to n e .  L ik e  th e  p ig m e n t o f  Naumann (7 * 8 ) ,  
i t  was y e l lo w  i n  a c id  and  r e d  a t  pH 7« He n o te d  t h a t  i f  
a c e to n e  o r  e t h a n o l  w ere added  t o  th e  r e d  c u l t u r e  b r o th  i n  
v o lu m es a s  low  a s  5#  ( v / v ) ,  a  f i b r o u s  r e d  f l o a t i n g  c o a g u la te  
w as fo rm e d . S uch a  phenom enon was known t o  be c h a r a c t e r i s t i c  
f o r  p r o t e i n s ,  s o  F oppen  b eg a n  i n v e s t i g a t i n g  th e  p o s s i b i l i t y  
t h a t  th e  p ig m e n t m ig h t be some s o r t  o f  a  p o ly p e p t id e .
From 1967 t o  1969 . M a r t in ,  H a id e r ,  and  R ic h a rd s  ( 1 ^ ,1 5 .  
1 6 ) p u b l i s h e d  a  s e r i e s  o f  r e p o r t s  on th e  "hum ic a c id s "  p r o ­
du ce d  by  th e  fu n g u s  E p icoccum  n ig ru m . They showed t h a t  t h i s  
d a r k l y  c o lo r e d  p ig m en t c o n s i s t e d  m a in ly  o f  p o ly m e r iz e d  am ino 
a c id s  an d  p h e n o l s ,  su c h  a s  o r c i n o l  an d  r e s o r c i n o l  ( F ig ,  2 )
o r c i n o l  r e s o r c i n o l
F ig u re  2 .
w h ich  w ere r e l e a s e d  d u r in g  th e  m i c r o b ia l  d e g r a d a t io n  o f  p l a n t  
p h e n o l ic  p o ly m ers  i n  th e  s o i l .  I n  a d d i t i o n ,  E p icoccum  n ig ru m
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7c o u ld  s y n th e s iz e  o r s e l l e n i c  a c id  and  p -h y d ro x y c in n a m ic  a c id  
( F ig .  3 )  from  n o n -a r o m a tic  s u b s t a n c e s .  T hese  tw o b a s i c  m o le -
CH=CHC00H
,COOH
o r s e l l e n i c  a c id  p -h y d ro x y c in n a m ic  a c id
F ig u re  3 .
c u l e s  c o u ld  th e n  be a l t e r e d  b y  o x id a t io n  o f  m e th y l g ro u p s  
and  s id e  c h a i n s ,  by  d e c a r b o x y la t i o n ,  and  by  i n t r o d u c t i o n  o f  
a d d i t i o n a l  h y d ro x y l  g ro u p s .  The hum ic p o ly m e rs  w ere s e e n  t o  
v a r y  c o n s id e r a b ly  w ith  r e s p e c t  t o  th e  r e l a t i v e  p e r c e n ta g e s  
o f  s p e c i f i c  s t r u c t u r a l  u n i t s  a s  w e l l  a s  t o  th e  m o le c u la r  
w e ig h t .  H ow ever, th e  "hum ic a c id s "  a l l  h ad  s i m i l a r  c h e m ic a l 
p r o p e r t i e s  due t o  th e  num erous c a rb o x y l  and  p h e n o l ic  g ro u p s  
on th e  m o le c u le .  M o le c u la r  w e ig h t d e t e r m i n a t io n s  gave  a  
ra n g e  o f  5 ,0 0 0 -2 0 0 ,0 0 0  d a l t o n s .
By c o m p arin g  h i s  r e d  w a te r - s o lu b l e  p ig m e n t w i th  th e  
"hum ic a c i d s " ,  F oppen  (1 )  was a b l e  t o  show t h a t  th e y  w ere th e  
same ty p e  o f  com pound. M a r t in  an d  H a id e r  (1 4 )  had  shown t h a t  
th e  p r o d u c t io n  and  v a r i a t i o n  o f  th e  p o ly m ers  d ep en d ed  n o t  o n ly  
on th e  fu n g u s ,  b u t  a l s o  on th e  m e d ia  e m p lo y ed . Foppen  dem on­
s t r a t e d  t h a t  th e  r e d  p ig m en t was o b ta in e d  o n ly  i n  m e d ia  c o n ­
t a i n i n g  y e a s t  a u t o l y s a t e .  W hile  M a r t in  and  H a id e r  (1 5 )  had  
shown th e  m o le c u la r  w e ig h t  t o  r a n g e  from  5 ,0 0 0  t o  2 0 0 ,0 0 0  
d a l t o n s ,  F pppen  o b ta in e d  a  v a lu e  o f  4400  d a l t o n s .  B urge (1 2 )
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8c a l c u l a t e d  a  v a lu e  o f  4200  d a l to n s  f o r  th e  "hum ic a c id s "  p r o ­
du ced  by  th e  UNH s t r a i n  o f  E p icoccum  n ig ru m . I n  t h i s  t h e s i s  
th e  p h e n o ls  and  am ino a c id s  o f  th e  UNH s t r a i n  a r e  s t u d i e d .  
B urge (1 2 )  fo u n d  th e  "hum ic a c id "  d e v o id  o f  b i o l o g i c a l  a c ­
t i v i t y  a g a i n s t  B a c i l l u s  m e g a te r iu m . I n  t h i s  w o rk , a c t i v i t y  
a g a i n s t  s e v e r a l  a l t e r n a t e  sy s te m s  i s  e x a m in ed .
B o th  E k a  (1 7 )  and  Foppen  (1 )  have  made s t u d i e s  c o n c e rn ­
in g  th e  l i p i d  c o n t e n t  o f  E p icoccum  n ig ru m . F a t t y  a c id s  w ere 
exam ined  and  fo u n d  t o  be c o n s i s t e n t  w ith  th e  c o m p o s i t io n  o f  
o th e r  f u n g a l  c e l l s .  C a ro te n e s  s e e n  in c lu d e d  and  i f  - c a r ­
o te n e .  A ls o  fo u n d  w ere t o r u l a r h o d i n  and rh o d o x a n th in  w h ich  
had  n e v e r  b e e n  i s o l a t e d  from  a  fu n g a l  s y s te m . The p r i n c i p l e  
s t e r o l  com ponen t was e r g o s t e r o l .
A p a r t  from  f l a v i p i n ,  th e  "hum ic a c i d s " ,  and  th e  c a r o ­
t e n e s ,  t h e r e  a p p e a re d  t o  be no o th e r  i d e n t i f i e d  p ig m e n ts  p r o ­
d u ced  by  E p icoccum  n ig ru m . H ow ever, w h ile  w o rk in g  w ith  th e  
o rg a n ism , B urge (1 2 )  n o te d  tw o c l o s e l y  r e l a t e d  o ran g e  p ig ­
m e n ts , q u i t e  d i f f e r e n t  from  th o s e  a l r e a d y  d e s c r i b e d .  They 
p o s e s s e d  c o n s id e r a b le  a c t i v i t y  a g a i n s t  B a c i l l u s  m e g a te r iu m  
and  a  l e s s e r  am ount o f  a c t i v i t y  a g a i n s t  C h io re 1 1 a  p y r e n o i -  
d o s a . He a s s ig n e d  t o  th e  com pounds th e  names o f  e p i r o d i n  A 
and  e p i r o d i n  Bm^x . B urge lo o k e d  i n t o  some o f  t h e i r  s p e c t r a l  
p r o p e r t i e s  and  a t  th e  s t a b i l i t y  o f  th e  com pounds a t  v a r i o u s  
pH v a l u e s .  E p i r o d in  A was shown t o  have  a  m o le c u la r  w e ig h t 
i n  th e  ra n g e  o f  750 + 100 d a l t o n s .  F u r th e r  s tu d y  i n t o  th e  
b i o l o g i c a l  a c t i v i t y  o f  th e  p ig m en t r e v e a le d  i t  t o  be c a p a b le
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9o f  i n h i b i t i n g  th e  D N A -dependent RNA p o ly m e ra s e  o f  E s c h e r i c i a  
c o l i .  F u r th e rm o re ,  i t  was fo u n d  t h a t  i t  i n h i b i t e d  RNA s y n ­
t h e s i s  b y  b in d in g  d i r e c t l y  t o  th e  RNA p o ly m e ra s e  and  n o t  t o  
th e  DNA. P r i o r  t o  t h i s  d i s c o v e r y ,  o n ly  th e  a n sa m y c in  a n t i ­
b i o t i c s  s u c h  a s  th e  r i f a m y c in s ,  s t r e p t o v a r i c i n s ,  to ly p o m y c in s ,  
and  g e ld a m y c in s ,  and  th e  a n t i b i o t i c  s t r e p t o l y d i g i n  w ere  known 
t o  i n h i b i t  RNA p o ly m e ra s e . The a n sa m y c in s  i n h i b i t  th e  i n i ­
t i a t i o n  o f  RNA s y n t h e s i s  w h ile  s t r e p t o l y d i g i n  i s  e f f e c t i v e  
b o th  a g a i n s t  c h a in  i n i t i a t i o n  an d  c h a in  e l o n g a t i o n .  The 
l a t t e r  a p p e a re d  t o  be  th e  m echanism  f o r  e p i r o d i n  A a c t i o n .  
H ow ever, none o f  th e  c l a s s e s  o f  t h e s e  a n t i b i o t i c s  a p p e a re d  
t o  be c h e m ic a l ly  r e l a t e d .  E p i r o d in  r e p r e s e n t e d  th e  f i r s t  
D N A -dependent RNA p o ly m e ra s e  i n h i b i t o r  t o  be i s o l a t e d  from  
th e  F u n g i I m p e r f e c t i ,  th e  o th e r s  h a v in g  a l l  b e e n  i s o l a t e d  
from  members o f  th e  A c tin o m y c e te s ,
Work i n t o  th e  n a t u r e  o f  e p i r o d i n  was c o n t in u e d  b y  Buck­
l e y  ( 1 8 ) .  He d e v i s e d  a  s im p le r  schem e f o r  th e  i s o l a t i o n  o f  
th e  com pound, and  w as a b l e  t o  d e m o n s tra te  th e  p r e s e n c e  o f  
y e t  a n o t h e r  s u b s ta n c e  w h ic h , a l th o u g h  u n p ig m e n te d , p o s e s s e d  
b i o l o g i c a l  a c t i v i t y .  H ow ever, he f o c u s e d  h i s  r e s e a r c h  on th e  
e p i r o d i n .  He d e te rm in e d  th e  e p i r o d in s  t o  be f a i r l y  s t r o n g  
a c id s  b y  t h e i r  s o l u b i l i t y  i n  0 .1  M NaHCO^. A p o s i t i v e  r e a c ­
t i o n  t o  th e  f e r r i c y a n i d e - f e r r i c  c h l o r id e  r e a c t i o n  s u g g e s te d  
a  p h e n o l ic  s y s te m . T h is  i n f o r m a t io n ,  a lo n g  w i th  th e  u l t r a ­
v i o l e t  s p e c t ru m , i n d i c a t e d  t h a t  e p i r o d i n  m ig h t be d e r i v e d  
from  some s o r t  o f  a  q u in o n e - ty p e  s y s te m . W hile  a  n e g a t iv e  
le u c o m e th y le n e  b lu e  t e s t  r u l e d  o u t th e  p o s s i b i l i t y  o f  e p i r o d i n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
b e in g  a  b e n z o q u in o n e  o r  a  n a p h th a q u in o n e , th e  NMR, i n f r a r e d ,  
a n d  u l t r a v i o l e t  s p e c t r a  a p p e a re d  c o n s i s t e n t  f o r  a n  a n t h r a -  
q u in o n e  s y s te m . B u ck ley  a l s o  n o te d  a  pH e f f e c t  i n  th e  UV 
s p e c t ru m  o f  e p i r o d i n  known t o  o c c u r  i n  h y d ro x y a n th r a q u in o n e s .  
T h ese  o b s e r v a t io n s  p rom p ted  him  t o  p ro p o s e  t h a t  e p i r o d i n  m ig h t 
t h e r e f o r e  b e lo n g  t o  th e  f a m ily  o f  a n t h r a q u in o n e - d e r iv e d  a n t i ­
b i o t i c s ,  Two h y d r o x y a n th r a q u in o n e s ,  daunom ycin  (1 9 )  and  l u t e o -  
s k y r i n  ( 2 0 ) ,  had  a l r e a d y  b e e n  shown t o  i n h i b i t  D N A -d ire c te d  
RNA s y n t h e s i s .  L u te o s k y r in ,  w h ich  i s  a l s o  a  y e l lo w  p ig m e n t, 
h ad  p ro v e n  t o  be a  p o t e n t  i n h i b i t o r  o f  E . c o l i  RNA p o ly m e ra s e .  
Thus th e  h y d ro x y a n th ra q u in o n e  n u c le u s  f o r  e p i r o d i n  a p p e a re d  t o  
be a n  a t t r a c t i v e  s t r u c t u r e  w h ich  s h o u ld  be ex am in ed  i n  g r e a t e r  
d e t a i l .
I n  t h i s  t h e s i s  th e  i n v e s t i g a t i o n  o f  e p i r o d i n  i s  c o n t i n ­
u e d . F u r th e r  s t u d i e s  on th e  p ig m e n t ex p o se  a  b r o a d e r  s p e c tru m  
o f  b i o l o g i c a l  a c t i v i t y  th a n  was p r e v i o u s l y  r e a l i z e d .  A ls o  
th e  b e h a v io r  o f  th e  p ig m e n t u n d e r  v a r i o u s  c o n d i t i o n s  a s  w e l l  
a s  i t s  c h e m ic a l  s t r u c t u r e  a r e  p ro b e d . As a  r e s u l t  o f  t h e s e  
e x p e r im e n t s ,  i t  i s  shown t h a t  e p i r o d i n  c a n n o t  be a  h y d ro x y ­
a n th r a q u in o n e  a s  s u g g e s te d  by  B u c k le y . I n s t e a d ,  th e  a u t h o r  
p ro p o s e s  t h a t  e p i r o d i n  be l i s t e d  i n  th e  c l a s s  o f  com pounds 
r e f e r r e d  t o  a s  th e  " m a c ro lid e  a n t i b i o t i c s " .
C . M a c ro l id e  A n t i b i o t i c s .
As a  c l a s s  th e  m a c ro l id e  a n t i b i o t i c s  a r e  c h a r a c t e r i z e d  
by  th e  p o s e s s i o n  o f  a  m a c ro c y c l ic  r i n g  o f  c a rb o n  a to m s c lo s e d
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by  l a c t o n i z a t i o n .  R in g s  c o n t a in i n g  l e s s  th a n  tw e lv e  c a rb o n s  
a r e  u n s ta b l e  and  th u s  n o t  s e e n  i n  n a t u r e .  T hose m a c ro l id e s  
w h ich  have  f o u r t e e n  o r  s ix te e n -m e in h e re d  r i n g s  s h a r e  many s im ­
i l a r  p r o p e r t i e s  and  a r e  r e f e r r e d  t o  s im p ly  a s  th e  " m a c ro lid e  
a n t i b i o t i c s " .  T hose com pounds w i th  l a r g e r  r i n g s  c o n s i s t i n g  o f  
tw e n ty  t o  t h i r t y  c a rb o n  a to m s a l s o  have many f e a t u r e s  i n  com­
mon in c lu d in g  a  c o n ju g a te d  d o u b le  bond  s y s te m . Thus th e y  a r e  
known a s  th e  " p o ly e n e  m a c ro l id e  a n t i b i o t i c s " .
The s im p le  m a c ro l id e s  a r e  r e p r e s e n t e d  b y  com pounds su c h  
a s  le u c o m y c in  and  e ry th r o m y c in  ( P ig .  4 ) .  B o th  have 
s ix te e n -m e m b e re d  r i n g s  and tw o s u g a r  m o ie t i e s  a t t a c h e d  a s  s id e  
c h a in s .  L ik e  m ost o th e r  m a c r o l i d e s , th e s e  a n t i b i o t i c s  a r e  
p ro d u c e d  by  S tre p to m v c e s  s p e c i e s ,  and  a r e  h ig h l y  a c t i v e  a g a i n s t  
g r a m - p o s i t iv e  b a c t e r i a  and  g r a m -n e g a tiv e  c o c c i ,  b u t  f a r  l e s s  
a c t i v e  a g a i n s t  g r a m -n e g a tiv e  b a c i l l i  ( 2 1 ) .  Cmura (2 2 )  h a s  
shown t h a t  th e  a n t i m i c r o b i a l  a c t i v i t y  o f  th e  m a c ro l id e s  i n ­
v o lv e s  b in d in g  o f  th e  a n t i b i o t i c s  w i th  th e  r ib o s o m e s  and i n ­
h i b i t i o n  o f  p r o t e i n  s y n t h e s i s .
The m a c r o l id e s  a r e  a l l  h ig h l y  c r y s t a l l i n e  and a r e  s o lu b le  
i n  m o s t o r g a n ic  s o lv e n t s *  h o w ev e r, th e y  a r e  i n s o lu b l e  i n  w a te r  
and  h ig h l y  n o n - p o la r  s o lv e n t s  s u c h  a s  h e x a n e . Many have a  UV 
s p e c t ru m , b u t  no  compound i s o l a t e d  a s  y e t  h a s  b e e n  shown t o  
p o s s e s s  a  v i s i b l e  s p e c t ru m .
The " p o ly e n e  m a c ro l id e "  g ro u p  a l s o  h a s  b e e n  c h a r a c t e r i z e d  
r e g a r d i n g  b o th  i t s  c h e m ic a l  p r o p e r t i e s  and  i t s  a n t i b i o t i c  s p e c ­
tru m . A l l  o f  th e  com pounds p u r i f i e d  th u s  f a r  have had f a i r l y  
h ig h  m o le c u la r  w e ig h ts  r a n g in g  fro m  700 t o  1300 d a l t o n s .  They
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te n d  t o  be p o o r ly  s o lu b le  i n  w a te r  and  i n  n o n -  and m edium - 
p o l a r  o r g a n ic  s o l v e n t s ,  f a i r l y  s o lu b le  i n  v e r y  p o l a r  o r g a n ic  
s o lv e n t s  su c h  a s  p y r id i n e  and  d im e th y l s u l f o x id e , and  e x t re m e ­
l y  s o lu b le  i n  e t h a n o l  and  m e th a n o l . Some o f  th e  p o ly e n e  
m a c ro lid e  a n t i b i o t i c s  a r e  s o lu b le  i n  a c i d i c  o r  b a s i c  m e d ia i 
h o w ev e r, t h i s  d e p e n d s  on th e  p r e s e n c e  o f  e i t h e r  a c i d i c  o r  o f  
b a s i c  n i t r o g e n  f u n c t i o n s .  H ow ever, i n  s u c h  s o l u t i o n s ,  th e  
a n t i b i o t i c s  te n d  t o  be l e s s  s t a b l e .  "H ea t and  l i g h t  a l s o  
c a u se  r a p i d  d e t e r i o r a t i o n ,  and  s e n s i t i v i t y  t o  t h e s e  f a c t o r s  
i n c r e a s e s  w i th  i n c r e a s i n g  l e n g th  o f  th e  c o n ju g a te d  p o ly e n e  
c h a i n . "  (2 3 )
" B i o l o g i c a l l y ,  a l l  o f  th e  p o ly e n e  a n t i b i o t i c s  have  in  
common a  v e r y  p ro n o u n ced  a c t i v i t y  a g a i n s t  y e a s t s  and  f u n g i ,  
b u t  no  s i g n i f i c a n t  a n t i b a c t e r i a l  p r o p e r t i e s . "  (2 3 ) T h re e  o f  
th e m , n y s t a t i n ,  a m p h o te r i c in  B, and  tr i c h o m y c in ,  a r e  commonly 
u sed  i n  th e  m e d ic a l  t r e a tm e n t  o f  f u n g a l  i n f e c t i o n s .  D eep 
m ycoses r e s u l t i n g  from  B la s to m y c e s . C a n d id a . C ry p to c o c c u s , 
and  H is to p la s m a  have a l l  b e e n  t r e a t e d  s u c e s s f u l l y .
The mode o f  a c t i o n  o f  th e  p o ly e n e  a n t i b i o t i c s  was v i r t u ­
a l l y  unknown u n t i l  th e  e a r l y  I 9 6 0 's .  H ow ever, s in c e  t h e n ,  
b o th  K in sk y  (2*0 and  Lampen (2 5 )  have  shown t h a t  i n  o rg a n ism s  
s e n s i t i v e  t o  p o ly e n e s ,  t h e s e  s u b s t a n c e s  a r e  a p p a r e n t ly  bound 
t o  s t e r o l s  i n  th e  c e l l  m em brane. The c o m b in a t io n  o f  th e  a n t i ­
b i o t i c  w i th  th e  c e l l  r e s u l t s  i n  d i s t o r t i o n  and  m a lf u n c t io n  o f  
th e  membrane th e r e b y  a l lo w in g  e s s e n t i a l  m e ta b o l i t e s  t o  l e a k  
o u t  ( 2 6 ,2 7 ) ,  " O th e r  e f f e c t s  su c h  a s  i n h i b i t i o n  o f  g l y c o l y s i s ,  
r e s p i r a t i o n ,  an d  c e l l  d e a th  m ust be r e g a r d e d  a s  s e c o n d a ry .
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M e ta b o lic  a c t i v i t i e s  i n  c e l l - f r e e  sy s te m s  a r e  v i r t u a l l y  un ­
a f f e c t e d  by  th e  p o ly e n e s .  B a c t e r i a ,  i n t a c t  and  a s  p r o t o ­
p l a s t s ,  do  n o t  ta k e  up  p o ly e n e s  and  a r e  u n a f f e c te d  by  th e  
a n t i b i o t i c s , ” ( 2 8 ) .
I n  a d d i t i o n  t o  t h e i r  a b i l i t y  t o  i n h i b i t  th e  g ro w th  and 
s p o r u l a t i o n  o f  y e a s t  and  o th e r  f u n g i  (2 9 )»  some o f  th e  p o ly ­
ene  a n t i b i o t i c s  a r e  known t o  have a n t i p r o t o z o a l  a c t i v i t y  a s  
w e l l  ( 3 0 ) .  B ecau se  o f  t h e i r  a f f i n i t y  f o r  s t e r o l s ,  th e y  have 
b e e n  u sed  c l i n i c a l l y  i n  th e  c o n t r o l  o f  serum  c h o l e s t e r o l  
l e v e l s  (3 1 )  and  p r o s t a t e  m a lf u n c t io n  (3 2 )  i n  d o g s .  They a l s o  
d i s p l a y  l a r v i c i d a l  and  c h e m o s te r i l a n t  a c t i v i t y  i n  some i n s e c t s ,  
a p p a r e n t ly  by  b lo c k in g  th e  u p ta k e  o f  d i e t a r y  c h o l e s t e r o l  ( 3 3 ) .
The p o ly e n e  a n t i b i o t i c s  c a n  u s u a l l y  be i d e n t i f i e d  by 
t h e i r  c h a r a c t e r i s t i c  u l t r a v i o l e t  and  v i s i b l e  a b s o r p t i o n  s p e c ­
t r a ,  They a r e  m ost e a s i l y  c l a s s i f i e d  on th e  b a s i s  o f  th e  
l e n g th  o f  th e  c o n ju g a te d  d o u b le  bond c h a in  a s  w e l l  a s  w h e th e r  
o r  n o t  th e y  c o n t a i n  a  c a rb o h y d r a te  m o ie ty .  When p r e s e n t ,  th e  
c a rb o h y d ra te  i s  m ost o f t e n  n i t r o g e n - c o n t a i n i n g  m ycosam ine (2 8 ) ,
MM-8, w h ich  was i s o l a t e d  i n  1965» was th e  f i r s t  t r i e n e  t o  
be d i s c o v e r e d .  R e s i s t a p h y l in  an d  p r o t i c i n  a r e  o th e r  r e p r e ­
s e n t a t i v e  com pounds o f  th e  t r i e n e  c l a s s  o f  a n t i b i o t i c s .  Mem­
b e r s  o f  t h i s  c l a s s  a r e  u n iq u e  among th e  p o ly e n e s  i n  t h a t  th e y  
p o s e s s  g r e a t  a c t i v i t y  a g a i n s t  b a c t e r i a  and  l i t t l e  a c t i v i t y  
a g a i n s t  y e a s t s  and  f u n g i .  In c lu d e d  i n  th e  t e t r a e n e  g ro u p  a r e  
th e  t e t r i n s  A and  B , and  n y s t a t i n ,  th e  l a t t e r  o f  w h ich  i s  w id e ­
l y  u sed  a s  a n  a n t i b i o t i c  ( P ig .  5 ) .
W ith in  th e  p e n ta e n e  a n t i b i o t i c s  c l a s s ,  t h e r e  a r e  th r e e
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s u b g ro u p s  ( P ig .  6 ) .  The e u r o c i n o l i d e s  A and  B a r e  b o th  co n ­
v e n t i o n a l  p e n ta e n e s .  H ow ever, f i l i p i n ,  fu n g ic h ro m in  ( l a g o s i n ) ,  
and  c h a in in  a r e  m e th y lp e n ta e n e s  i n s t e a d .  T h e re  a r e  d e v i a t i o n s  
o b s e rv e d  i n  b o th  th e  UV a b s o r p t i o n  s p e c tru m  and  th e  i n f r a r e d  
s p e c t ru m  o f  th e  m e th y lp e n ta e n e s  when com pared  t o  th e  s p e c t r a  
o f  n o rm a l p e n ta e n e s .  A t h i r d  s u b g ro u p  c o n s i s t s  o f  th o s e  p en ­
ta e n e s  t h a t  a r e  c o n ju g a te d  w i th  th e  l a c to n e  g ro u p  su c h  a s  th e  
m y c o t ic in s  A and  B.
The h e x a e n e s  have  b e e n  s t u d i e d  v e r y  l i t t l e ,  and  o n ly  
d e r m o s t a t i n  h a s  b e e n  e l u c i d a t e d  s t r u c t u r a l l y .  I t  i s  r a t h e r  
u n iq u e  i n  t h a t  i t  h a s  a  k e to n e  f u n c t i o n  c o n ju g a te d  w ith  th e  
h ex a en e  chrom ophore  ( P ig .  7 ) .
The h e p ta e n e s ,  l i k e  th e  p e n t a e n e s ,  v a r y  q u i t e  e x t e n s i v e l y  
among th e m s e lv e s .  C a n d id in  and  a m p h o te r i c in  B r e p r e s e n t  one 
g ro u p  w here t h e r e  i s  no  a ro m a t ic  m o ie ty  ( P ig .  8 ) .  O th e r s  su c h  
a s  a u r e o f u n g in  and  c a n d i c i d i n  hav e  a  s id e  c h a in  o f  p -a m in o -  
a c e to p h e n o n e . T h e re  i s  a l s o  a  t h i r d  g ro u p  w here th e  a ro m a t ic  
a id e  c h a in  i s  N -m e th y la te d  a s  i n  c a n d im y c in .
I t  i s  a p p a r e n t  th e n  t h a t  b o th  th e  m a c r o l id e  a n t i b i o t i c s  
an d  th e  p o ly e n e  m a c ro l id e  a n t i b i o t i c s ,  w h ile  s h a r in g  c e r t a i n  
b a s i c  c h e m ic a l  an d  s t r u c t u r a l  p r o p e r t i e s  among th e m s e lv e s ,  
h ave  d i s t i n c t  d i f f e r e n c e s .  E p i r o d in  h a s  b e e n  fo u n d  t o  p o s e s s  
many o f  th e  p r o p e r t i e s  o f  th e s e  tw o g ro u p s  o f  a n t i b i o t i c s .
T hus t h i s  t h e s i s  i s  p r e s e n t e d  w i th  e x p e r im e n ta l  e v id e n c e  t h a t  
e p i r o d i n  s h o u ld  in d e e d  be c o n s id e r e d  a  member o f  th e  m acro ­
l i d e  a n t i b i o t i c s ,  s p e c i f i c a l l y ,  th e  p o ly e n e  m a c ro l id e  a n t i ­
b i o t i c s .
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I I .  MATERIALS AND METHODS.
A. G e n e ra l T e c h n iq u e s .
Amino A cid  A n a l y s i s . Amino a c id  a n a ly s e s  w ere o b ta in e d  
by  Dan K e r c h e n s te in e r  o f  th e  D e p a r tm e n t o f  B io c h e m is t ry  on a  
Beckman Amino A cid  A n a ly z e r ,  M odel 120C.
2 .  E le m e n ta l  A n a l y s i s . C a rb o n , h y d ro g e n , n i t r o g e n  a n a l ­
y s e s  w ere p e rfo rm e d  on a  F and  M M odel 185 in s t r u m e n t  by  Dee 
C a r d in  (C h e m is try  D e p a r tm e n t, UNH).
2»  F lu o ro m e try . F lu o r e s e n c e  d e t e r m i n a t io n s  w ere made on 
a  F a r r a n d  s p e c t r o f l u o r o m e t e r ,  M odel MK-1.
Jf> G as- L iq u id  C h ro m a to g ra p h y . A B a rb a r-C  olm an M odel 5000 
Gas C h ro m a to g rap h  e q u ip p e d  w i th  a  h y d ro g e n  f la m e  i o n i z a t i o n  d e ­
t e c t i o n  sy s te m  was u s e d .  A n a ly s e s  w ere done on a  6 f t  X 4 mm 
( I . D . )  g l a s s  U -tu b e  co lum n  p ac k ed  w i th  8 0 /9 0  mesh 12J6 d i e t h y l ­
ene  g l y c o l  s u c c i n a t e  on A nachrom  A (W ate rs  A s s o c i a t e s ,  I n c . ,  
F ram ingham , M a s s .) .  R e t e n t i o n  tim e s  (RT ) w ere c a l c u l a t e d  from  
th e  p o i n t  o f  i n j e c t i o n  t o  th e  m id p o in t  o f  th e  e l u t e d  c h ro m a to ­
gram  p ea k  o f  th e  r e s p e c t i v e  com pounds.
2 *  I n f r a r e d  S p e c t r o s c o p y . IR s p e c t r a  w ere o b ta in e d  on a  
P e r k in  E lm er S p e c t r o p h o to m e te r ,  M odel 710 A.
6 .  Mas8 S p e c t r o m e t ry . M ass s p e c t r a  w ere p e rfo rm e d  by  
M ic h a e l P azden  o f  th e  C h e m is try  D e p a rtm e n t o f  UNH, The i n s t r u ­
m ent u sed  was a  H i t a c h i - P e r k i n  E lm e r m ass s p e c t r o m e te r .  M odel
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RMU-E.
Z • N u c le a r  M ag n e tic  R esonance  S p e c t r o s c o p y . NMR s p e c t r a  
w ere o b ta in e d  by  S u sa n  H athaw ay (C h e m is try  D e p a r tm e n t, UNH) 
u s in g  a  J e o l  MH 100 NMR s p e c t r o m e te r .  S am p les  w ere r u n  i n  
v a r i o u s  s o lv e n t s  a t  a  f r e q u e n c y  o f  100 MHz,
8 ,  U V -V is ib le  S p e c t r o p h o to m e tr y . F o r  c o m p le te  a b s o r p ­
t i o n  s p e c t r a ,  a  Beckman DB-G G r a t in g  S p e c t ro p h o to m e te r  w ith  an  
a t t a c h e d  10 in c h  r e c o r d e r  was u s e d .  When r e a d in g s  a t  s p e c i f i c  
w a v e le n g th s  w ere n e c e s s a r y ,  a  Beckman DU-2 S p e c t r o p h o to m e te r  
was u s e d .
2 .  T h in  L a y e r  C h ro m a to g rap h y  (TL C ). P r e c o a te d  20 X 20 
cm s i l i c a  g e l  p l a t e s  (EM R e a g e n ts )  w ere u s e d .  They w ere a c t i ­
v a t e d  a t  105° f o r  30 m in u te s  and  s t o r e d  i n  a  d e s s i c a t o r  p r i o r  
t o  u s e .  The p l a t e s  w ere d e v e lo p e d  i n  u n l i n e d ,  c o v e re d ,  r e c ­
t a n g u l a r  g l a s s  TLC cham bers  w ith  th e  s o l v e n t s  i n d i c a t e d ,  Rp 
v a lu e s  w ere c a l c u l a t e d  a s t
r «  D is ta n c e  from  o r i g i n  t o  s p o t  c e n t e r  
F D is ta n c e  from  o r i g i n  t o  s o lv e n t  f r o n t
The s p o t s  w ere  d e t e c t e d  e i t h e r  by  d i r e c t  v i s u a l i z a t i o n ,  u n d e r
a  UV l i g h t ,  o r  w ith  one o f  th e  s p r a y  r e a g e n t s  d e s c r i b e d  b e lo w ,
a .  A n il in e - d ip h e n y la m in e - p h o s p h o r ic  a c id  ( 3 ^ ) .  The 
s p r a y  r e a g e n t  was p r e p a re d  by  d i s s o l v i n g  2 g  d ip h e n y la m in e , 2 
ml a n i l i n e ,  an d  10 ml 85% p h o s p h o r ic  a c id  i n  100 ml a c e to n e .  
The p l a t e s  w ere s p ra y e d  an d  h e a te d  a t  10 5 °  f o r  5 -1 0  m in u te s .  
V a r io u s  c o l o r  r e a c t i o n s  a r e  g iv e n  by  r e d u c in g  s u g a r s .
b. B e n z i d i n e - t r i c h l o r o a c e t i c  a c id  (3*0. The r e a g e n t  was
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p re p a re d  by  d i s s o l v i n g  0 .5  g  b e n z id in e  i n  10 m l a c e t i c  a c i d ,  
a d d in g  10 ml 40# (w /v )  a q u e o u s  t r i c h l o r o a c e t i c  a c i d ,  and  d i l u ­
t i n g  th e  m ix tu re  t o  100 ml w i th  e t h a n o l .  The p l a t e  was 
s p ra y e d  and  h e a te d  t o  1 0 5 °  f o r  5 -1 0  m in u te s .  The a p p e a ra n c e  
o f  d a rk  re d -b ro w n  s p o ts  i s  i n d i c a t i v e  o f  s u g a r s .
c .  B ro m o c re so l g r e e n  ( 3 4 ) .  B ro m o c re so l g r e e n  i n d i c a t o r  
( 0 ,0 4  g )  was d i s s o lv e d  i n  100 m l e t h a n o l ,  and  0 .1  N sod ium  
h y d ro x id e  was added  d ro p w is e  u n t i l  a  b lu e  c o l o r  j u s t  a p p e a re d .  
When u sed  a s  a  s p r a y  r e a g e n t  f o r  th e  d e t e c t i o n  o f  a c i d s ,  a c i d ­
i c  com pounds a p p e a r  y e l lo w  w h ile  th e  b a c k g ro u n d  s t a i n s  b lu e ,
d .  C h a r r in g  w i th  s u l f u r i c  a c i d .  S i l i c a  p l a t e s  w ere 
s p ra y e d  w ith  c o n c e n t r a t e d  s u l f u r i c  a c id  and  p la c e d  i n  a  105°  
oven f o r  5 -1 0  m in u te s .  The p r e s e n c e  o f  d a r k l y  c o lo r e d  s p o ts  
i n d i c a t e s  th e  p r e s e n c e  o f  o r g a n ic  m a t e r i a l .
e .  E h r l i c h  r e a g e n t  ( 3 4 ) .  One g 4 - d im e th y la m in o b e n z a l -  
dehyde was d i s s o lv e d  i n  25  ml c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  
and  75 ml m e th a n o l . The p l a t e  was s p ra y e d  an d  w arm ed. A mines 
a p p e a r  a s  r e d  s p o ts  on a  w h ite  b a c k g ro u n d .
f .  G lu c o s ta t  r e a g e n t  (W o r th in g to n  C o . ) .  One mg g lu c o s e  
o x id a s e ,  0 .5  mg p e r o x i d a s e ,  and  20 mg o - d i a n i s i d i n e  -  d i  HC1 
w ere d i l u t e d  t o  100 m l w i th  d i s t i l l e d  w a te r .  A f t e r  l i g h t l y  
s p r a y in g  th e  s i l i c a  p l a t e ,  th e  a p p e a ra n c e  o f  p u r p l i s h  s p o ts  
i n d i c a t e s  th e  p r e s e n c e  o f  g lu c o s e .
g .  M o rg an -E lso n  r e a g e n t  ( 3 4 ) .  T h is  r e a g e n t  i s  s p e c i f i c  
f o r  am ino s u g a r s  and  c o n s i s t s  o f  tw o s e p a r a t e  s o l u t i o n s .  R ea­
g e n t  I  was p r e p a re d  by  t a k in g  0 .5  m l o f  a  m ix tu re  o f  5 m l 50# 
aq u e o u s  p o ta s s iu m  h y d ro x id e  and  20  m l e t h a n o l  and  d i s s o l v i n g
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i t  i n  10 ml o f  a  s o l u t i o n  o f  0 .5  ml a c e ty l a c e t o n e  i n  50  ml 
n - b u ta n o l ,  E ach  s o l u t i o n  had  t o  be f r e s h ,  and  th e y  w ere m ixed 
to g e t h e r  j u s t  b e f o r e  u s e .  F o r  R e a g e n t I I ,  1 g  4 -d im e th y la m in o -  
b e n z a ld e h y d e  was d i s s o lv e d  i n  30  ml e t h a n o l ,  and  30  ml c o n ­
c e n t r a t e d  h y d r o c h lo r ic  a c id  w ere a d d e d . The ch rom atog ram  was 
f i r s t  s p ra y e d  w i th  R ea g e n t I  and  h e a te d  a t  1 0 5 °  f o r  5 m in u te s .  
The p l a t e  was th e n  s p ra y e d  w i th  R e a g e n t I I  an d  h e a te d  5 m in­
u t e s  a t  1 0 5 ° . Amino s u g a r s  a p p e a r  a s  r e d  s p o t s .
h .  N in h y d r in  ( 3 4 ) .  N in h y d r in  ( 0 .3  g )  was d i s s o lv e d  i n  
100 ml n - b u ta n o l ,  and  3 ml o f  a c e t i c  a c id  w ere  a d d e d . The 
p l a t e  was s p ra y e d  and  h e a te d  a t  105° ,  g iv i n g  s p o t s  f o r  am ino 
a c i d s ,  a m in e s , and  am ino  s u g a r s .
i .  P a u ly  r e a g e n t .  The fo l lo w in g  s to c k  s o l u t i o n s  w ere
p r e p a re d  i
(1 )  S u l f a n i l i c  a c i d ................. 0 .9 #  i n  0 .1 2  M HC1
(2 )  Sodium  C a r b o n a te . . . . . 1 0 , 0 #
(3 )  Sodium  n i t r i t e ...................4 .5 #
The r e a g e n t  was p r e p a r e d  j u s t  p r i o r  t o  u s e .  To 100 ml o f  
s u l f a n i l i c  a c id  w ere added  10 m l NaNOg. The s o l u t i o n  was 
m ix ed , and  110 ml NagCO^ w ere a d d e d . The r e s u l t i n g  s o l u t i o n  
was s p ra y e d  on th e  p l a t e  v e r y  l i g h t l y .  The d e v e lo p m e n t o f  
s p o t s  r a n g in g  i n  c o l o r  from  y e l lo w  t o  r e d  t o  brow n i s  i n d i ­
c a t i v e  o f  p h e n o l s ,  a m in e s , an d  h e t e r o c y c l i c  com pounds w h ich  
c a n  c o u p le  w ith  th e  d i a z o t i z e d  s u l f a n i l i c  a c id  ( 3 4 ) .
P e r io d a te - b e n z id in e  r e a g e n t .  The ch ro m ato g ram  was 
s p ra y e d  w i th  0 .1 #  sod ium  m e ta p e r io d a te  and a l lo w e d  t o  r e a c t  
5 -1 0  m in u te s .  I t  was th e n  s p r a y e d  w i th  a  s o l u t i o n  o f  b e n z i -
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d in e  p r e p a re d  by  d i s s o l v i n g  0 .5  g  i n  20 ml g l a c i a l  a c e t i c  a c id  
and 80 ml e t h a n o l .  W h ite  s p o ts  on a  b lu e  b ac k g ro u n d  a r e  i n ­
d i c a t i v e  o f  1 ,2  g l y c o l s  and  £ X -h y d ro x y -k e to n e s , - a l d e h y d e s ,  
and  - a c i d s .
k .  Schw eppe r e a g e n t  (3 * 0 . Ten p e r c e n t  a q u e o u s  g lu c o s e  
and 10 % e t h a n o l i c  a n i l i n e  s o l u t i o n s  w ere p r e p a r e d .  T w enty 
m l o f  e a c h  w ere m ixed an d  d i l u t e d  t o  100 ml w ith  n - b u ta n o l .
The p l a t e s  w ere s p ra y e d  and  h e a te d  t o  10 5 °  f o r  5 -1 0  m in u te s .  
Compounds c o n t a in i n g  c a r b o x y l i c  a c id  g ro u p s  a p p e a r  a s  p a le  
brow n s p o t s  on a  w h ite  b a c k g ro u n d .
1 , V a n i l l i n - s u l f u r i c  a c id  (3 * 0 . The r e a g e n t  c o n s i s t e d  
o f  a  s o l u t i o n  o f  1 g  v a n i l l i n  i n  100 ml c o n c e n t r a t e d  s u l f u r i c  
a c i d .  F o llo w in g  g e n e ro u s  a p p l i c a t i o n  o f  th e  s p r a y ,  th e  p l a t e  
was h e a te d  t o  10 5 °  f o r  5 m in u te s .  S p o ts  r a n g in g  i n  c o l o r  from  
y e l lo w  t o  r e d  t o  p u r p le  i n d i c a t e  th e  p r e s e n c e  o f  p h e n o ls  and 
h ig h e r  a l c o h o l s .
B. B i o l o g i c a l  A s s a y s .
T h e re  w ere s e v e r a l  a s s a y s  u sed  th r o u g h o u t  t h i s  r e s e a r c h  
t o  m o n i to r  th e  t o x i c i t y  o f  v a r i o u s  com pounds.
B a c i l l u s  A ssay  ( 1 8 ) .  Medium was p r e p a r e d  c o n s i s t i n g
o f  th e  f o l lo w in g s
(1 )  T ry p to n e  ( D i f c o )    .0 .5 0  g
(2 )  Y e a s t e x t r a c t  ( D i f c o )  0 .2 5  g
(3 )  G lu c o s e    0 .1 0  g
(4 )  A g a r ( D i f c o )  . . . . . 1 . 0 0  g
(5 )  D i s t i l l e d  w a t e r . , ..................................100 ml
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The pH was a d j u s t e d  t o  6 .2  and  th e  medium was a u to c la v e d  f o r  
17 m in u te s .  A s p o re  s u s p e n s io n  was p r e p a re d  c o n t a in i n g  1 ml 
B a c i l l u s  s u b t i l i s  s p o re  s u s p e n s io n  ( D if c o )  i n  99 ml s t e r ­
i l i z e d  d i s t i l l e d  w a te r ,  y i e l d i n g  a  f i n a l  c o n c e n t r a t i o n  o f  10? 
s p o r e s /m l .  T h re e  ml o f  t h i s  s u s p e n s io n  was th a n  u se d  t o  in o c ­
u l a t e  100 ml o f  medium. The medium was in c u b a te d  a t  8 0 °  C f o r  
20 m in u te s  i n  o r d e r  t o  a c t i v a t e  th e  s p o r e s .
L e v e ls  o f  b i o l o g i c a l  a c t i v i t y  w ere  d e te rm in e d  by  th e  p a p e r  
d i s c  m ethod a s  d e s c r ib e d  b y  J a y a ra m a n  e t  a l .  ( 3 5 ) .  The sam p les  
t o  be t e s t e d  w ere d i s s o lv e d  i n  e i t h e r  w a te r ,  e t h a n o l ,  m e th a n o l , 
o r  d im e th y l  s u l f o x i d e .  Tw enty  u l  o f  th e  t e s t  s o l u t i o n  was 
a b s o rb e d  by  e a c h  6 .3  mm s t e r i l e  p a p e r  d i s c  ( D i f c o ) .  The p l a t e s  
w ere in c u b a te d  i n  th e  d a r k  a t  room  te m p e r a tu r e  f o r  18 h o u r s .  
T o x i c i t i e s  w ere m e asu red  b y  th e  s i z e  o f  th e  zone o f  i n h i b i t i o n  
a ro u n d  th e  p a p e r  d i s c ,
2 ,  B r in e  S h rim p  A sB ay. The b r i n e  s h r im p  a s s a y  b a s e d  on 
th e  m ethod o f  H arw ig an d  S c o t t  (3 6 )  was a l s o  u s e d  t o  e s t im a te  
t o x i c i t i e s .  The s h r im p , A r te m ia  s a l i n a  L , , w ere o b ta in e d  a s  
e g g s  ( C a r o l in a  B io l o g ic a l  S u p p ly  C o . ) and  h a tc h e d  i n  Vfa sod ium  
c h l o r id e  a t  room te m p e r a tu r e .  A f t e r  24 h o u r s ,  when th e  l a r v a e  
b e g a n  e m e rg in g , th e  u n h a tc h e d  e g g s  an d  th e  l a r v a e  w ere  t r a n s ­
f e r r e d  t o  b r in e  s h r im p  medium (BSM) com posed o f  th e  f o l lo w in g s
(1 )  N aC l....................................................3 0 .0  g
(2 )  C aC l2 .2H2 0 ........................................ 0 .3  g
(3 )  M gS O ^H gO ........................................ 0 .5  g
(4 )  MgCl2 .6H 20 ........................................1 .5  g
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(5 )  KC1 0 .8  g
(6 )  MgBr2 .6H2 0  0 .1  g
(7 )  G l y c i n e .    . . . . 6 . 0  g
(8 )  D i s t i l l e d  w a t e r ..................... 1000 ml
The pH was a d j u s t e d  t o  6 .5 »  an d  th e  medium w as a u to c la v e d  and 
a l lo w e d  t o  c o o l .
S c r e e n in g  was done u s in g  a  p a p e r  d i s c  m e th o d . S t e r i l e  
p a p e r  d i s c s  ( 6 ,3  mm) (D if c o )  t o  w h ich  had  b e e n  a p p l ie d  20 u l  
o f  th e  s o l u t i o n  t o  be t e s t e d  w ere p la c e d  i n  th e  w e l l s  o f  p o r ­
c e l a i n  s p o t  p l a t e s .  The d i s c s  w ere  l e f t  u n t i l  th e  s o l v e n t , 
e i t h e r  e t h a n o l ,  m e th a n o l ,  o r  w a te r ,  had  e v a p o ra te d .  Then 
0 .5  ml o f  BSM c o n t a in i n g  2 0 -6 0  la r v a e  was a d d e d . The w e l l s  
w ere c o v e re d  w i th  a  p l a t e  o f  g l a s s  s o  a s  t o  p r e v e n t  e v a p o ra ­
t i o n .  The l a r v a e  w ere in c u b a te d  a t  3 7 °  f o r  18 h o u r s .  A t th e  
end  o f  t h i s  p e r i o d ,  th e  num ber o f  d e a d  s h r im p  was t a l l i e d .  
T o x i c i t i e s  w ere e x p r e s s e d  a s  p e r c e n ta g e s  o f  th e  num ber o f  
o rg a n ism s  t h a t  had  d ie d  o v e r  th e  t o t a l  p r e s e n t  i n  a  g iv e n  
w e l l i
= ISS&'&Si/SSL *
2 *  C h l o r e l l a  A ssay  ( 1 8 ) .  B u f f e r e d  a g a r  p l a t e s  w ere p r e ­
p a r e d  w i th  medium c o n s i s t i n g  o f  th e  fo l l o w in g i
(1 )  kno3 .................................................................1 .0 0  g
(2 )  KHgPO^............................................................2 .5 0  g
(3 )  k 2h p o ^ ............................................................2 .5 0  g
(4 )  MgS04 *7H2 0 ..................................................0 .2 5  g
(5 )  G l u c o s e . . 10 , 0  g
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(6 )  T ra c e  e le m e n t  s o l u t i o n ....................0 .4  ml
(7 )  D i s t i l l e d  w a t e r . , ................... . . , . 1 0 0 0  ml
The medium was d iv id e d  i n t o  tw o 500 ml p o r t i o n s ,  one o f  w h ich  
was made 2% i n  a g a r .  The tw o p o r t i o n s  w ere a u to c la v e d  s e p a r ­
a t e l y ,  c o o le d  t o  a p p ro x im a te ly  50°C and  d iv id e d  i n t o  50  ml 
a l i q u o t s .  F iv e  ml o f  a  l i q u i d  c u l t u r e  o f  C h l o r e l l a  p y r e n o i -  
d o s a  (UNH s t r a i n )  p r e p a re d  i n  th e  same medium w ere th e n  ad d ed  
t o  th e  n o n -a g a r  p o r t i o n s .  T h is  was m ixed w i th  a n  e q u a l  p a r t
o f  th e  2% a g a r  p o r t i o n ,  and  p l a t e s  w ere p o u re d  w ith  th e  r e ­
s u l t i n g  s e e d e d  1% a g a r  medium.
L e v e ls  o f  a c t i v i t y  w ere d e te rm in e d  by  th e  p a p e r  d i s c  
m ethod a s  d e s c r i b e d  by  Jay a ram an  e t  a l .  ( 3 5 ) .  The sam p les  
t o  be t e s t e d  w ere d i s s o lv e d  in  e i t h e r  e t h a n o l ,  m e th a n o l , o r  
w a te r .  T w enty  u l  o f  t e s t  s o l u t i o n  w ere a p p l ie d  t o  e a c h  6 .3  
mm d i s c  ( D i f c o ) .  The p l a t e s  w ere in c u b a te d  a t  room te m p e ra ­
t u r e  u n d e r  f l u o r e s c e n t  l i g h t i n g  f o r  24 h o u r s .
C . O rgan ism  and  S to c k  C u l t u r i n g .
The s t r a i n  o f  E p icoccum  n ig ru m  u sed  i n  t h i s  t h e s i s  was 
t h a t  o f  B urge (1 2 )  who had  i s o l a t e d  i t  from  a  m oldy s e e d  sam­
p l e ,  The o rg a n ism  was m a in ta in e d  on s l a n t s  c o n s i s t i n g  o f  m a lt  
e x t r a c t  a g a r .  The c o m p o s i t io n  was a s  f o l l o w s  *
(1 )  M a lt e x t r a c t  ( D i f c o ) . . . . . . . . 2 0  g
(2 )  P e p to n e  .1  g
(3 )  G lu c o s e     .2 0  g
(4 )  A gar ( D i f c o )    20 g
(5 )  D i s t i l l e d  w a t e r . . . . . . . . . . . 1 0 0 0  ml
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
The medium was d iv id e d  i n t o  10 m l a l i q u o t s ,  p la c e d  i n  t e s t  
tu b e s  p lu g g e d  w ith  c o t t o n ,  and  a u to c la v e d  f o r  17 m in u te s .
The tu b e s  w ere a l lo w e d  t o  c o o l  i n  a n  i n c l i n e d  p o s i t i o n .  They 
w ere i n o c u la t e d  w i th  m y c e lia  o f  E , n ig ru m . The new c u l t u r e s  
w ere  l e f t  t o  grow  f o r  5 d a y s  a t  room te m p e r a tu r e  and  i n  th e  
d a r k .  They w ere th e n  s t o r e d  i n  th e  r e f r i g e r a t o r  a t  4 °C .
D. P ro c e d u re  f o r  G row th o f  E . n ig ru m  and I s o l a t i o n  o f  Humic 
A c id .
F o r  hum ic a c id  d e t e r m i n a t io n s ,  th e  fu n g u s  was grow n i n  
l i q u i d  m e d ia . E i t h e r  m a lt  e x t r a c t  medium c o n t a in i n g i
(1 )  M a lt e x t r a c t  ( D i f c o )  . . . 2 0  g
(2 )  P e p to n e  ( D i f c o ) . . ,  1 g
(3 )  G lu c o s e    20 g
(if) D i s t i l l e d  w a t e r . . . . . . . . . . . . .  1000 ml
o r  y e a s t  a u t o l y s a t e  medium made up o f t
( 1 )  Y e a s t e x t r a c t  ( D i f c o ) , .  . . 5  g
(2 )  G lu c o s e ,    10 g
(3 )  D i s t i l l e d  w a t e r . . . . .  1000 ml
was u se d  t o  c u l t u r e  th e  o rg a n ism . F iv e  ml a l i q u o t s  w ere d i s ­
p e n s e d  i n t o  s c re w  c a p  t e s t  t u b e s ,  and  100 ml a l i q u o t s  i n t o  
f i f t e e n  500 ml E r le n m e y e r  f l a s k s ,  a l l  o f  w h ich  w ere th e n  
s t e r i l i z e d .  The t e s t  tu b e s  w ere i n o c u la t e d  w i th  m y c e lia  from  
s to c k  s l a n t s  and  a l lo w e d  t o  grow  f o r  5 d a y s  a t  room te m p e ra ­
t u r e  i n  th e  d a r k .  The r e s u l t i n g  c u l t u r e s  w ere th e n  u sed  a s  
i n o c u la  f o r  th e  m e d ia  i n  th e  E r le n m e y e r  f l a s k s .  The f l a s k s
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w ere in c u b a te d  u n d e r  c o n s t a n t  l i g h t i n g  a t  25 °  i n  a  r o t a r y  
s h a k e r  (P s y c ro th e rm , M odel G27 ,  New B ru n sw ick  S c i e n t i f i c  C o .,
New B ru n sw ic k , N . J . )  ru n n in g  a t  220  rpm f o r  e i t h e r  5 o r  21 
d a y s .  A t th e  end  o f  th e  g ro w th  p e r i o d s ,  th e  c u l t u r e s  w ere 
f i l t e r e d  th ro u g h  Whatman No. 1 f i l t e r  p a p e r .  The f i l t r a t e  
f o r  e a c h  s e t  o f  c u l t u r e s  was p o o le d  and  ta k e n  a lm o s t  t o  d r y -  
n e s s  i n  v a c u o . The r e s id u e  was d i s s o lv e d  i n  5 0  mM T r i s  b u f ­
f e r ,  pH 7*5* The r e s u l t i n g  s o l u t i o n  was d i a ly z e d  3 t im e s  a -  
g a i n s t  2000 ml o f  th e  same b u f f e r  f o r  12 h o u r  p e r i o d s .  The 
m a t e r i a l  r e m a in in g  i n  th e  d i a l y s i s  tu b i n g  was c o n c e n t r a t e d  and 
p la c e d  on a  S ephadex  G -25 (S igm a C h em ica l C o .)  co lum n and  e l u ­
t e d  w ith  th e  same 50 mM T r i s  b u f f e r .  The brow n band  was c o l ­
l e c t e d  and  ta k e n  t o  d r y n e s s  i n  v a c u o . The r e s id u e  was d i s s o lv e d  
in  a  minimum volum e o f  d i s t i l l e d  w a te r  and  d ia ly z e d  tw ic e  a -  
g a i n s t  6000 m l a l i q u o t s  o f  d i s t i l l e d  w a te r  f o r  12 h o u r s .  The 
n o n - d ia ly z a b le  m a t e r i a l  w as th e n  u s e d  t o  o b t a in  th e  e l e m e n ta l  
a n a ly s e s ,  am ino a c id  a n a l y s e s ,  and  p h e n o l c o n t e n t  d e te rm in a ­
t i o n s  r e p o r t e d  i n  t h i s  t h e s i s .  A ls o ,  b i o l o g i c a l  a s s a y s  w ere 
c o n d u c te d  u s in g  t h i s  m a t e r i a l .
i *  Amino A cid  A n a ly s i s  an d  P h e n o l D e te rm in a t io n  o f  Humic 
A c id . B e fo re  th e  hum ic a c id  c o u ld  be exam ined  f o r  am ino a c id  
and  p h e n o l c o n t e n t ,  i t  was n e c e s s a r y  t h a t  th e  sa m p le s  be h y d ro ­
ly z e d .  S am p les  (25  mg) w ere  t r a n s f e r r e d  t o  h y d r o ly s i s  tu b e s  
t o  w h ich  w ere added  2 m l c o n s t a n t  b o i l i n g  HC1 and  1 d ro p  o f  
0 .5  N h y d r a z in e .  The tu b e s  w ere  e v a c u a te d ,  s e a l e d ,  and  p la c e d  
i n  a  10 5 ° oven f o r  2*f h o u r s .  T hey w ere th e n  rem oved from  th e  
o v e n , a l lo w e d  t o  c o o l ,  an d  ta k e n  t o  d r y n e s s  by  o p e n in g  th e  tu b e s
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and p l a c in g  them  i n  a  vacuum  d e s i c c a t o r  a lo n g  w i th  b e a k e r s  
s e p a r a t e l y  c o n t a in i n g  50 g  NaOH p e l l e t s  and  50 ml c o n c e n t r a t e d  
HgSO^. The d e s i c c a t o r  was e v a c u a te d ,  and  th e  sa m p le s  w ere 
l e f t  t o  s i t  f o r  24 h o u r s .
F o r  am ino a c id  a n a l y s e s ,  3 -4  mg sa m p le s  o f  th e  h y d r o ly s i s  
r e s id u e  w ere ta k e n  up  i n  sod ium  a c e t a t e  b u f f e r ,  pH 5 .2 5 #  and 
i n j e c t e d  f o r  r e s o l u t i o n  o f  th e  b a s i c  am ino a c i d s .  F o r  a c i d i c  
co m p o n en ts , sod ium  a c e t a t e  b u f f e r ,  pH 3 .2 5 »  was u s e d , and  f o r  
n e u t r a l s ,  pH 4 .3 0  b u f f e r .
F o r  e x a m in a t io n  o f  th e  p h e n o l c o n te n t  o f  th e  hum ic a c i d s ,  
th e  same h y d ro ly z e d  sa m p le s  w ere u s e d .  The r e s id u e  was w ashed 
3 t im e s  w i th  e t h y l  e t h e r ,  25 m l e a c h  t im e .  The e x t r a c t s  w ere 
com b in ed , d r i e d ,  and  d i s s o lv e d  i n  e t h a n o l  t o  g iv e  a  c o n c e n t r a ­
t i o n  o f  5 ,0  m g/m l. T w enty  u l  s a m p le s  w ere  th e n  a p p l i e d  t o  s i l ­
i c a  TLC p l a t e s  and  d e v e lo p e d  i n  a  tw o -d im e n s io n a l  s o lv e n t  s y s ­
tem  d e s c r i b e d  by  H a id e r  and  M a r t in  ( 1 4 ) .  S o lv e n t  I  c o n s i s t e d  
o f  c h lo r o f o r m ! a c e t i c  a c id  ( 8 i 2 ) ,  and S o lv e n t  I I  o f  d i b u t y l  e t h e r i  
a c e t i c  a c id  (1 0 * 1 ) ,  P l a t e s  w ere s p ra y e d  w i th  v a n i l l i n - s u l f u r i c  
a c i d .  Rp v a l u e s  w ere com pared  w i th  s t a n d a r d s ,  and  th e  p h e n o ls  
w ere i d e n t i f i e d  by b o th  Rp  and  c o l o r  r e a c t i o n  t o  th e  s p r a y .  As 
a  c o n f i r m a t i o n ,  a  se c o n d  tw o s o lv e n t  sy s te m  was u s e d .  S o lv e n t  
I  c o n s i s t e d  o f  e t h y l  e t h e r i a c e t i c  a c id ip e t r o le u m  e t h e r  (1 0 0 13* 
97 ) d e v e lo p e d  t o  a  h e i g h t  o f  9 cm w h ile  S o lv e n t  I I  was com posed 
o f  e t h y l  e t h e r ip e t r o l e u m  e t h e r  (3 * 9 7 ) d e v e lo p e d  t o  15 cm. A g a in  
Rp v a lu e s  and  c o l o r  r e a c t i o n s  w ere com pared  w ith  s t a n d a r d s .
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E, Procedure fo r  Growth o f Epicoccuin nigrum and I s o la t io n
o f E p irod in .
C u l t u r e s  f o r  th e  e x t r a c t i o n  o f  e p i r o d i n  w ere p r e p a r e d  by 
p o u r in g  200 ml o f  th e  same m a lt  e x t r a c t  medium u sed  f o r  s to c k  
c u l t u r i n g  th e  fu n g u s  i n t o  2 .5  l i t e r  low  fo rm  c u l t u r e  f l a s k s  
(w ide  b a s e ) .  Ten f l a s k s  w ere u se d  a t  one t i m e . E ach  f l a s k  
was th e n  a u to c la v e d  and  in o c u la t e d  w i th  5 ml o f  p r e v i o u s l y  
s t e r i l e  d i s t i l l e d  w a te r  c o n t a in i n g  th e  w as h in g s  from  a  s l a n t  
o f  E . n ig ru m . The c u l t u r e s  w ere in c u b a te d  f o r  14 d a y s  a t  room 
te m p e r a tu r e  i n  th e  d a r k .
The s t e p s  i n  th e  i s o l a t i o n  p ro c e d u re  a r e  o u t l i n e d  i n  
Scheme 1 . A f t e r  th e  14 d ay  in c u b a t i o n  p e r i o d ,  e a c h  c u l t u r e  
f l a s k  was e x t r a c t e d  o v e r n ig h t  a t  room te m p e r a tu r e  w ith  500  ml 
o f  95# e t h a n o l .  The e x t r a c t s  w ere d e c a n te d  and th e  c u l t u r e s  
r e e x t r a c t e d  o v e r n ig h t  w i th  a  se c o n d  500  ml p o r t i o n  o f  e t h a n o l .
The com bined  e t h a n o l  e x t r a c t s  (10  l i t e r s )  w ere s u c t i o n  f i l ­
t e r e d  th ro u g h  a  B uchne r f u n n e l  and  c o n c e n t r a t e d  t o  d r y n e s s  i n  
v a c u o . The d r y  r e s id u e  was e x t r a c t e d  w i th  300  ml 95# e t h a n o l .
The e t h a n o l - s o l u b l e  m a t e r i a l ,  F r a c t i o n  I ,  was f i l t e r e d  and a p ­
p l i e d  t o  Gui a lu m in a  co lum n . The colum n was p r e p a r e d  by  p o u r ­
in g  120 g  o f  a lu m in a  ( F i s h e r  S c i e n t i f i c ,  8 0 -2 0 0  m esh) i n t o  th e  
d r y  co lum n (14  X 3 .8  cm) and  th e n  w ash in g  th e  s u p p o r t  w ith  500 
ml 95# e t h a n o l .  The c ru d e  SGunple d i s s o lv e d  i n  e th a n o l  was 
a p p l i e d  t o  th e  co lum n and  e l u t e d  i n  a  b a tc h - w is e  m a n n er. F r a c -  
I I  c o n s i s t e d  o f  2000 ml 95# methGUiol, a l l  o f  w h ich  was d i s c a r d e d .  
The colum n was th e n  e l u t e d  w i th  1000 m l 80# m e th a n o l ( F r a c t io n
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Scheme 1 , E x tra ctio n  o f  Epicoccum nigrum C ultures and I s o la t io n
o f E p irod in . ,1.
Epicoccum nigrum 
(10 culture f la sk s)
95$ Ethanol 
(10 l i t e r s )
Ethanol soluble Ethanol insoluble
Cone, to  dryness
Residue









(2 l i t e r s )
80# Methanol 
(1 l i t e r )
Fraction II I  Fraction II
(discard)
S i l ic a  CHC13 iCH30H (7*3) 
column
Epirodin mix
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I I I )  w h ich  was c o n c e n t r a t e d  t o  d ry n e s s  i n  v a c u o . The r e s id u e  
was e x t r a c t e d  w ith  10 m l a b s o lu t e  m e th a n o l and th e  m e th a n o l 
e x t r a c t  d r i e d  i n  v a c u o . The m e th a n o l - s o lu b le  m a t e r i a l  was 
th e n  ta k e n  iup i n  a  minimum volum e o f  m e th a n o l (1 -2  m l) and  
a p p l ie d  t o  a  s i l i c i c  a c id  co lum n (24  X 2 .2  cm ). The colum n 
was p r e p a r e d  from  50 g o f  s i l i c i c  a c id  ( F i s h e r  S c i e n t i f i c )  
a c t i v a t e d  a t  105°  f o r  an  h o u r ,  c o o le d ,  and  s l u r r i e d  w ith  
c h lo r o fo rm im e th a n o l  ( 7 * 3 ) .  P r i o r  t o  sam ple  a p p l i c a t i o n ,  th e  
colum n was w ashed w i th  300 ml s o l v e n t .  The sam ple  was th e n  
e l u t e d  w ith  th e  same s o l v e n t .  The in t e n s e  o ran g e  band  co n ­
t a i n i n g  p u re  e p i r o d i n  m ix was c o l l e c t e d .  T h is  f r a c t i o n  was 
u sed  f o r  a l l  q u a l i t a t i v e  and  q u a n t i t a t i v e  c h e m ic a l a n a ly s e s ,  
a s  w e l l  a s  f o r  m ost o f  th e  s p e c t r o s c o p i c  s t u d i e s  i n c lu d in g  
NMR and IR , The in d i v i d u a l  e p i r o d in s  w ere r e s o lv e d  by  TLC and 
u sed  f o r  s e v e r a l  U V -v is ib le  a b s o r p t i o n  s t u d i e s .
As th e  w ork on e p i r o d i n  was n e a r in g  c o m p le t io n ,  a n  a l t e r ­
n a t iv e  s h o r t e r  p ro c e d u re  was d e v is e d  f o r  th e  i s o l a t i o n  o f  th e  
com pound. The t e d io u s  and  tim e -c o n su m in g  co lum ns w ere e l im ­
i n a t e d .  The i s o l a t i o n  in v o lv e d  s im p ly  w ash in g  th e  c ru d e  E , 
n ig ru m  e x t r a c t  w ith  a  s e r i e s  o f  s o lv e n t s  a s  shown i n  Scheme 2 . 
The p ro c e d u re  u s e s  o n ly  1000 ml c ru d e  e x t r a c t  a s  opposed  t o  th e  
10 l i t e r s  u sed  p r e v i o u s l y ,  b u t  th e  y i e l d  o f  e p i r o d i n  m ix i s  
g r e a t e r .
F . S t a b i l i t y  o f  E p i r o d i n .
The s t a b i l i t y  o f  e p i r o d i n  was d e te rm in e d  by  f o l lo w in g  e i ­
t h e r  i t s  b i o l o g i c a l  a c t i v i t y  o r  i t s  a b s o rb a n c e  a t  429 nm.
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Scheme 2 . E x tra ctio n  o f Epicoccum nigrum C ultures and I s o la ­
t io n  o f E p irod in . I I .
E picoccum  n ig ru m  
(1 c u l t u r e  f l a s k )
E th a n o l  e x t r a c t i o n  
(1000  m l)
 1
E th a n o l  s o lu b le  E th a n o l  in s o lu b l e
| C one, t o  d r y n e s s  
R es id u e
M eth a n o l e x t r a c t i o n  
(100  m l, 25 m l, 25  m l)
M eth a n o l s o lu b le
0 ,1  N HC1 e x t r a c t i o n  
(50  m l, 25 m l)
R es id u e HC1 s o lu b le
A ce to n e  e x t r a c t i o n  
(10  m l, 10 m l, 5 m l)
E p i r o d in  Mix R e s id u e
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G. C h a r a c t e r i z a t i o n  o f  E p i r o d i n i C l a a s i f i c a t i o n  T e s t s .
1,, Brom ine i n  C a rb o n  T e t r a c h l o r id e  S o l u t i o n . A p p ro x i­
m a te ly  20 mg o f  e p i r o d i n  m ix w ere d i s s o lv e d  i n  2 ml o f  m e th ­
a n o l ,  A 5#  s o l u t i o n  o f  b ro m in e  i n  CCl^ was th e n  added  d ro p -  
w ise  u n t i l  th e  b ro m in e  c o l o r  p e r s i s t e d ,
2 . H v d ro x v lam in e - F e r r i c  C h lo r id e  R e a c t io n  ( 3 7 ) , .  A pprox­
im a te ly  5 mg o f  e p i r o d i n  i n  1 .0  ml 3 .5  N NaOH was m ixed w ith  
1 .0  ml 2 M h y d ro x y la m in e -H C l. A f t e r  s t a n d i n g  2 m in u te s ,  1 .0  
ml 33#  ( v /v )  HC1 i n  w a te r  and  1 .0  ml o f  F eC l^  s o l u t i o n  (0 ,3 7  M 
F eC l^  i n  0 .1  N HC1) w ere added  t o  th e  r e a c t i o n  m ix tu r e .  A p o s ­
i t i v e  r e a c t i o n  c o n s i s t e d  o f  th e  p r o d u c t io n  o f  a  p u r p le  c o l o r .
A p o s i t i v e  r e a c t i o n  t o  t h i s  t e s t  i n d i c a t e s  th e  p re s e n c e  o f  
e i t h e r  an  e s t e r ,  l a c t o n e ,  o r  a ld e h y d e  g ro u p .
2 *  P e r io d i c  A cid  ( 3 8 ) .  The r e a g e n t  was p r e p a re d  by  d i s ­
s o lv in g  0 ,5  g o f  m e ta - p e r i o d ic  a c id  i n  100 m l o f  d i s t i l l e d  
w a te r .  To 2 ml o f  t h i s  r e a g e n t  was added  one d ro p  o f  c o n c e n ­
t r a t e d  n i t r i c  a c id )  th e  t e s t  tu b e  was s h a k e n . A p p ro x im a te ly  
10 mg o f  e p i r o d i n  m ix w ere th e n  a d d e d )  th e  m ix tu re  was sh a k e n  
1 0 -15  s e c o n d s )  and  2 d ro p s  o f  5#  a q u e o u s  s i l v e r  n i t r a t e  w ere 
a d d e d . The in s ta n t a n e o u s  f o r m a t io n  o f  a  w h ite  p r e c i p i t a t e  o f  
s i l v e r  io d a te  c o n s t i t u t e d  a  p o s i t i v e  r e a c t i o n .  P e r io d i c  a c id  
s e l e c t i v e l y  o x id i z e s  1 , 2 - g l y c o l s ,  c < -h y d ro x y  a ld e h y d e s ,  C X -  
h y d ro x y  k e t o n e s ,  and  CX-h y d ro x y  a c i d s .
k .  P o ta s s iu m  P e rm a n g an a te  S o lu t i o n  ( 3 8 ) .  To a b o u t  25 mg 
o f  e p i r o d i n  m ix i n  2 ml o f  e t h a n o l  was ad d ed  d ro p w ise  a  2%
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s o l u t i o n  o f  p o ta s s iu m  p e rm a n g a n a te  u n t i l  th e  p u r p le  c o l o r  p e r ­
s i s t e d .  Compounds h a v in g  e i t h e r  e t h y l e n i c  o r  a c e t y l e n i c  l i n k ­
a g e s  a r e  c a p a b le  o f  d e c o l o r i z i n g  a  s o l u t i o n  o f  p o ta s s iu m  p e r ­
m a n g a n a te .
5 .  T o l l e n 's  R e a g e n t ( 3 9 ) .  Two ml o f  5% aq u e o u s  s i l v e r  
n i t r a t e  w ere p la c e d  i n  a  t e s t  tu b e  a lo n g  w ith  1 d ro p  o f  10# 
sod ium  h y d ro x id e  s o l u t i o n .  A 2% am monia s o l u t i o n  was th e n  
added  d ro p w ise  w ith  c o n s t a n t  s h a k in g  u n t i l  th e  s i l v e r  o x id e  
p r e c i p i t a t e  j u s t  d i s s o l v e d .  A bou t 25 mg o f  e p i r o d i n  w ere t e s t ­
ed  w ith  t h i s  r e a g e n t .  A p o s i t i v e  r e a c t i o n ,  in d i c a t e d  by  th e  
p r e c i p i t a t i o n  o f  m e t a l l i c  s i l v e r ,  i s  g iv e n  by  a ld e h y d e s  a s  
w e l l  a s  by  a c y l o i n s ,  c e r t a i n  p h e n o l s ,  and  o th e r  r e d u c in g  a -  
g e n t s .
H. S p e c t r o s c o p ic  S tu d ie s  on E p i r o d i n .
1,. I n f r a r e d  S p e c t ru m . A sam p le  o f  e p i r o d i n  was sm ea red
o n to  a  NaCl d i s c ,  an d  th e  IR s p e c tru m  was r e c o r d e d  u s in g  a i r
a s  th e  r e f e r e n c e .
2 .  M ass S p e c tru m . I n  o r d e r  t o  o b ta in  a  m ass s p e c t ru m , 
i t  was n e c e s s a r y  t h a t  a  more v o l a t i l e  d e r i v a t i v e  o f  e p i r o d i n  
be p r e p a r e d .  The t r i m e t h y l s i l y l  e t h e r s  w ere  p r e p a re d  i n  th e
f o l lo w in g  m anner* t o  9 .8  mg e p i r o d i n  mix i n  a  5 ml ro u n d -b o tto m  
f l a s k  was ad d ed  one v i a l  o f  " T r i - S i l "  ( P ie r c e  C h e m ic a l C o . ) .
The s o l u t i o n  was a l lo w e d  t o  s i t  f o r  1 h o u r  an d  was c o n c e n t r a t e d  
a lm o s t  t o  d ry n e s s  i n  v a c u o . I t  was t r a n s f e r r e d  t o  a  50  ml
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ro u n d -b o tto m  f l a s k  and  25 ml CCl^ w ere a d d e d . The s o l u t i o n  
was g r a v i t y  f i l t e r e d  t o  rem ove an y  s o l i d  m a t e r i a l  and  co n c e n ­
t r a t e d  t o  d ry n e s s  i n  v a c u o . The r e s id u e  was e x t r a c t e d  tw ic e  
w i th  25 ml p o r t i o n s  o f  h e x a n e . The e x t r a c t s  w ere com bined  
and  ta k e n  t o  d ry n e s s  i n  v a c u o , y i e l d i n g  th e  t r i m e t h y l s i l y l  
d e r i v a t i v e .  TLC was done t o  i n s u r e  t h a t  th e  p r o d u c t  d id  n o t  
c o n t a in  a  l a r g e  am ount o f  u n re a c te d  e p i r o d i n  m ix .
The m ass s p e c tru m  was r u n ,  and  m/e v a l u e s  w ere com pared  
t o  a  r e f e r e n c e ,  T r i s  ( p e r f l u o r o h e p t y l ) - s - t r i a z i n e .  By u s in g  
a  p l o t  o f  lo g  m /e v e r s u s  lo g  d i s t a n c e  from  m/e * 28 on th e  
s p e c t ru m , m /e v a l u e s  h ig h e r  th a n  th e  r e f e r e n c e  compound c o u ld  
be e x t r a p o l a t e d .
! •  N u c le a r  M a g n e tic  R e so n a n c e . An NMR s p e c t ru m  was ob­
ta i n e d  on a  s o l u t i o n  o f  e p i r o d i n  m ix i n  DMSO-d^.
4 .  U V -V is ib le  A b s o rp t io n  S p e c t r a .
5 .  The U V -v is ib le  s p e c t ru m . I n d iv i d u a l  e p i r o d i n s  w ere 
s e p a r a t e d  by  TLC i n  i s o p r o p a n o l1m e th a n o l ( l i l ) .  The s p o t s  
w ere s c r a p e d  from  th e  p l a t e  1 th e  s i l i c a  was e l u t e d  w i th  m e th -  
a n o l i  and  th e  s p e c t r a  o f  th e  i n d i v i d u a l  com ponen ts  w ere ob­
ta in e d  .
b .  E f f e c t  o f  s o l v e n t  and  pH. S p e c t r a  w ere o b ta in e d  on 
10 u g /m l s o l u t i o n s  o f  e p i r o d i n  i n  d i s t i l l e d  w a te r ,  0 .0 5  N HC1,
0 .0 5  N NaOH, and  0 ,0 5  N HC1 i n  e t h a n o l ,
c .  P h o t o s e n s i t i v i t y  i n  th e  p r e s e n c e  o f  I 2 c a t a l y s t .  A 
s e r i e s  o f  10 u g /m l s o l u t i o n s  o f  e p i r o d i n  m ix i n  e t h a n o l  was 
p r e p a re d  and  th e n  made 2 u g /m l i n  Ig  ( 4 0 ) .  S p e c t r a  w ere ru n
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a f t e r  exposure to  l ig h t  fo r  p er iod s o f 0 , 5 , 10, 15, 30 , 45,
and 60 m inutes. The e f f e c t  o f Ig c a t a ly s is  w ith  petroleum  e th er
as so lv en t was a ls o  noted .
d .  P h o t o i n a c t i v a t i o n  due t o  f l a v i n s .  To d e te rm in e  whe­
t h e r  o r  n o t  e p i r o d i n  was a f f e c t e d  by  f l a v i n s ,  s o l u t i o n s  c o n ­
t a i n i n g  e p i r o d i n  m ix a t  10 u g /m l and  r i b o f l a v i n  a t  0 .0 1  u m o le / 
m l i n  0 .0 5  p o ta s s iu m  p h o s p h a te  b u f f e r ,  pH 6 .9 »  w ere i l l u m i n a t e d  
f o r  5 ,  1 0 , 1 5 , 2 0 , 3 0 , 45» and  60  m in u te s ,  and  a b s o rb a n c e  was 
m easu red  a t  429 nm ( 4 1 ,4 2 ) .
I .  C h em ica l M ethods Used i n  th e  A n a ly s is  o f  E p i r o d i n .
1,. A c e t v l a t i o n  o f  E p i r o d in  M ix. The a c e t y l a t i n g  r e a g e n t  
c o n s i s t e d  o f  a  s o l u t i o n  o f  a c e t i c  a n h y d r id e  i n  p y r i d i n e ,  I i 4  
( v / v ) .  C o n d u c tin g  th e  r e a c t i o n  i n  p y r id i n e  p r e v e n t s  a c e t i c  
a c id  from  i n t e r f e r i n g  w i th  th e  a c e t y l a t i o n ,  t h u s  a l lo w in g  th e  
r e a c t i o n  t o  p ro c e e d  more s m o o th ly  ( 3 9 ) .
a .  Q u a l i t a t i v e  a c e t y l a t i o n .  To 198 mg o f  e p i r o d i n  mix 
was added  20 m l o f  a c e t y l a t i n g  r e a g e n t .  The s o l u t i o n  was l e f t  
t o  s i t  f o r  24 h o u r s ,  and  th e  e x c e s s  a c e t i c  a n h y d r id e  was th e n  
h y d ro ly z e d  w i th  50 m l d i s t i l l e d  w a te r .  The s o l u t i o n  was t r a n s ­
f e r r e d  t o  a  s e p a r a t o r y  f u n n e l ,  e x t r a c t e d  w i th  25  m l o f  c h l o r o ­
fo rm , and  th e  aq u e o u s  l a y e r  was d i s c a r d e d .  The c h lo ro fo rm  
layer was w ashed  w ith  100 m l w a te r  5 t im e s  t o  rem ove a s  much 
a c e t i c  a c id  and  p y r id i n e  a s  p o s s i b l e .  The c h lo r o fo rm  l a y e r  
was th e n  t r a n s f e r r e d  t o  a  50  m l ro u n d -b o tto m  f l a s k  and  c o n c e n ­
t r a t e d  i n  v a c u o  t o  rem ove th e  c h lo r o f o rm ,  l e a v in g  o n ly  th e
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r e s id u e  and  t r a c e s  o f  p y r i d i n e .  W a te r  was u s e d  t o  w ash th e  
r e s id u e  and  th e  s o l i d  was r e d i s s o l v e d  i n  a  minimum volum e o f  
c h lo ro f o rm . The p ro d u c t  was c r y s t a l l i z e d  by  a d d i t i o n  o f  hexane 
to  th e  s o l u t i o n .
b .  Q u a n t i t a t i v e  a c e t y l a t i o n .  F o r  q u a n t i t a t i v e  a c e t y l a ­
t i o n ,  e p i r o d i n  mix was w eig h ed  i n t o  100 ml ro u n d -b o tto m  f l a s k s .  
E x a c t l y  5 .0 0  ml a c e t y l a t i n g  r e a g e n t  was ad d ed  t o  e a c h  f l a s k ,  
and  th e  f l a s k s  w ere s w i r le d  u n t i l  th e  e p i r o d i n  was c o m p le te ly  
i n t o  s o l u t i o n .  The f l a s k s  w ere th e n  l e f t  t o  s i t  f o r  24  h o u r s .  
Ten ml w a te r  w ere added  t o  h y d ro ly z e  th e  e x c e s s  r e a g e n t ,  and 
th e  s o l u t i o n s  w ere t r a n s f e r r e d  t o  400  ml b e a k e r s .  The am ounts 
o f  a c e t i c  a c id  th u s  fo rm ed  w ere t h e n  d e te rm in e d  by  t i t r a t i o n  
w ith  0 .5  N NaOH. The s o l u t i o n s  w ere  m ixed c o n t in u o u s ly  w ith  
a  m a g n e tic  s t i r r e r ,  and  th e  n e u t r a l  p o in t  was d e te rm in e d  w ith  
a  pH m e te r .  A b la n k  t o  d e te rm in e  th e  t o t a l  am ount o f  a c e t i c  
a n h y d r id e  a v a i l a b l e  f o r  a c e t y l a t i o n  was ru n  by  p l a c in g  5 .0 0  
ml o f  a c e t y l a t i n g  r e a g e n t  i n  a  ro u n d -b o tto m  f l a s k  and  t r e a t i n g  
i t  th e  same way a s  th e  e p i r o d i n  s o l u t i o n .  From th e  d a t a  ob­
t a i n e d ,  th e  m o la r  e q u i v a l e n t  w e ig h t  p e r  h y d ro x y l  g ro u p  was 
c a l c u l a t e d  a c c o rd in g  t o  th e  f o l l o w in g  e q u a tio n *
m o la r  e q .  w t. = (m l blank-mlStest)(N NaOH)
2 . A c id  H y d r o ly s i s . E p i r o d in  m ix (90 .94m g) was d i s ­
s o lv e d  i n  a  minimum am ount o f  m e th a n o l ( a b o u t  2 m l ) .  HC1 
(100  m l IN ) was added  and  th e  s o l u t i o n  r e f l u x e d  f o r  3 h o u r s .  
A f t e r  th e  s o l u t i o n  had  c o o le d ,  i t  w as d e c a n te d  o u t o f  th e  
f l a s k  l e a v in g  b e h in d  a  d a r k  gummy s o l i d .  The a q u e o u s  s o l u t i o n
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was e x t r a c t e d  tw ic e  w i th  100 m l e t h e r  c a u s in g  a  s o l i d  t o  p r e c i ­
p i t a t e  a t  th e  i n t e r f a c e .  Thus t h e r e  w ere f o u r  f r a c t i o n s  p r e ­
s e n t*  th e  e t h e r  and  a q u e o u s  l a y e r s ,  th e  s o l i d  p r e c i p i t a t e ,  and  
th e  gummy s o l i d  r e m a in in g  i n  th e  r e a c t i o n  f l a s k .
The gummy s o l i d  w as d i s s o lv e d  i n  1 N NaOH and  th e  s o l u t i o n  
w as ta k e n  t o  d ry n e s s  i n  v a c u o . The r e s id u e  was e x t r a c t e d  w ith  
m e th a n o l u n t i l  th e  e x t r a c t s  rem a in e d  c o l o r l e s s .  The s o l u t i o n  
was th e n  ta k e n  t o  d r y n e s s  i n  v a c u o .
The s o l i d  m a t e r i a l  w h ich  had  a p p e a re d  a t  th e  i n t e r f a c e  o f  
th e  aq u e o u s  and  e t h e r  p h a s e s  was d i s s o lv e d  i n  m e th a n o l and th e  
s o l u t i o n  ta k e n  t o  d ry n e s s  i n  v a c u o . The s i l v e r  n i t r a t e  t e s t  
f o r  a l k y l  h a l i d e s  (4 3 )  was done by  w arm ing th e  unknown s o l i d  
i n  a n  a l c o h o l i c  s o l u t i o n  o f  AgNO^ (1 g  i n  30  ml e t h a n o l ) .  
F o rm a tio n  o f  a  p r e c i p i t a t e  t h a t  i s  in s o lu b l e  i n  d i l u t e  n i t r i c  
a c id  i s  i n d i c a t i v e  o f  a n  a l k y l  h a lo g e n  com pound.
The aq u e o u s  p h a se  was c o n c e n t r a t e d  i n  v a c u o , and  a p p l ie d  
t o  a  TLC p l a t e  an d  d e v e lo p e d .
The e t h e r  l a y e r  was c o n c e n t r a t e d  i n  v a c u o . A p o r t i o n  o f  
th e  sam ple w as a p p l ie d  t o  a  s i l i c a  g e l  co lum n ( 1 X 6  cm ). The 
s i l i c a  was a c t i v a t e d  a t  105°  f o r  30  m in u te s ,  s l u r r i e d  w i th  
b e n z e n e , and  th e  colum n was p o u re d .  The co lum n was e l u t e d  
w i th  b en z en e  and  f r a c t i o n s  w ere c o l l e c t e d  an d  a p p l i e d  t o  a  TLC 
p la te *  th o s e  w i th  th e  same s p o t s  w ere p o o le d .
2 .  B ro m in a tio n  o f  E p i r o d i n . The b r o m in a t io n  o f  e p i r o ­
d in  was c a r r i e d  o u t  i n  th e  d a r k  s o  a s  t o  p r e v e n t  f r e e  r a d i c a l  
s u b s t i t u t i o n  an d  e n c o u ra g e  a d d i t i o n  a c r o s s  d o u b le  b o n d s . To 
65 mg o f  e p i r o d i n  mix i n  a  100 ml ro u n d -b o tto m  f l a s k  was added
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70 m l g l a c i a l  a c e t i c  a c id  and 10 m l b ro m in e . The f l a s k  was 
w rapped  i n  f o i l  and  a l lo w e d  t o  s i t  f o r  4  h o u r s .  The s o l u t i o n  
was c o n c e n t r a t e d  t o  a  t h i c k  o i l  i n  v a c u o . The r e s id u e  was 
t a k e n  up i n  20 ml m e th a n o l and  th e n  d r i e d  i n  v a c u o  3 t im e s .
The r e s u l t i n g  s o l i d  was r e c r y s t a l l i z e d  from  95# e t h a n o l  and 
d r i e d  f o r  24 h o u rs  i n  a  vacuum d e s i c c a t o r .
4 .  H y d ro g e n a tio n  o f  E p i r o d i n . H y d ro g e n a tio n  o f  e p i r o d in  
mix was c a r r i e d  o u t i n  a  c a t a l y t i c  h y d r o g e n a t io n  a p p a ra tu s  a s  
shown i n  F ig .  9 . The p r e c i s i o n  o f  t h i s  ty p e  o f  s e t - u p  i s  1 -2 #  
( 4 4 ) .  The PtgO  c a t a l y s t  (100  mg) w as p la c e d  i n  th e  r e a c t i o n  
v e s s e l ,  10 ml g l a c i a l  a c e t i c  a c id  was a d d e d , and  Hg was b u b b le d  
th ro u g h  u n t i l  th e  p la t in u m  was c o m p le te ly  r e d u c e d .
E p i r o d in  mix (1 0 8 .2 8  mg) was d i s s o lv e d  i n  a  minimum am ount 
o f  g l a c i a l  a c e t i c  a c id  and added  t o  th e  r e a c t i o n  f l a s k .  The 
am ount o f  H2 u p ta k e  was re c o r d e d  a s  a  f u n c t i o n  o f  t im e .  The 
t o t a l  volum e o f  h y d ro g en  consum ed a f t e r  18 h o u rs  was th e n  c o n ­
v e r t e d  t o  STP and  u sed  t o  d e te rm in e  th e  num ber o f  d o u b le  bonds 
p e r  m o le c u le  o f  e p i r o d i n .  The s o l u t i o n  o f  h y d ro g e n a te d  e p i ­
r o d in  was n e u t r a l i z e d  w i th  d i l u t e  NaOH an d  e x t r a c t e d  w i th  50 ml 
e t h y l  e t h e r  3 t im e s .  The e x t r a c t s  w ere com bined  and  ta k e n  t o  
d r y n e s s  i n  v a c u o .
<5. N e u t r a l i z a t i o n  E q u iv a le n t  ( 3 8 ) .  S am p les  r a n g in g  from
1 .3 - 5 .6  mg w ere w eighed  i n t o  50  m l ro u n d -b o tto m  f l a s k s .  E ach  
was d i s s o lv e d  i n  1 0 .0 0  ml 95# e t h a n o l  and  t i t r a t e d  w i th  s t a n ­
d a rd  NaOH (0 .0 1 0 0 8  N ). A b la n k  c o n s i s t i n g  o f  1 0 .0 0  ml e t h a n o l  
was a l s o  t i t r a t e d .  One d ro p  0 .1 #  aq u e o u s  b rom thym ol b lu e  s o lu -
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Figure 9. Hydrogenation Apparatus.
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t i o n  was added  t o  e a c h  f l a s k  a s  i n d i c a t o r .  The e n d p o in t  was 
ta k e n  a s  th e  a p p e a ra n c e  o f  a  b lu e  c o l o r  i n  th e  p r e v i o u s l y  
e p i r o d in - c o lo r e d  s o l u t i o n .  The n e u t r a l i z a t i o n  e q u i v a l e n t  was 
c a l c u l a t e d  a s  f o llo w s *
N e u t r a l i z a t i o n  e q u i v a l e n t  = ^ H f f p l e ^ m l ^ l S n k )  ( n ) ° °
6 . P e r io d a te  O x id a t io n . E p i r o d in  m ix (107  mg) was 
w eighed  i n t o  a  250  ml r o u n d -b o tto m  f l a s k  and d i s s o lv e d  i n  105 
m l 95% e t h a n o l .  T h re e  2 5 .0 0  ml a l i q u o t s  w ere p i p e t t e d  i n t o  
400 ml b e a k e r s .  P e r io d i c  a c id  r e a g e n t  (5 0 .0 0  m l) was th e n  
added  ( 1 ,5 0  g  sod ium  m e ta - p e r io d a te  i n  25 m l w a te r  d i l u t e d  t o  
500 ml w ith  g l a c i a l  a c e t i c  a c i d ) .  E ach  s o l u t i o n  was m ix ed , 
c o v e re d  w ith  a  w a tc h  g l a s s ,  and  a l lo w e d  t o  s i t  a t  room tem p ­
e r a t u r e  f o r  30  m in u te s .  P o ta s s iu m  io d id e  r e a g e n t  (2 0 .0 0  m l) 
was ad d ed  (30  g i n  200 m l w a t e r ) .  A f t e r  th e  s o l u t i o n s  had  
s to o d  f o r  a  few  m in u te s ,  100 ml w a te r  w ere added  t o  e a c h  o n e . 
T hey w ere th e n  t i t r a t e d  w i th  0 .1  N sod ium  t h i o s u l f a t e  t o  th e  
d is a p p e a r a n c e  o f  th e  io d in e  c o l o r .  Two ml o f  s t a r c h  i n d i c a ­
t o r  (5%  a q u e o u s  s o l u t i o n )  w ere a d d e d , and  th e  t i t r a t i o n s  w ere 
c o n t in u e d  t o  th e  d is a p p e a r a n c e  o f  th e  s t a r c h - i o d i n e  c o l o r .
A b la n k  was ru n  by  a d d in g  KI s o l u t i o n  t o  th e  p e r i o d a t e  
r e a g e n t  b e f o r e  a d d in g  an y  e p i r o d i n .  Thus t h e r e  was no a v a i l ­
a b le  p e r i o d a t e  f o r  th e  e p i r o d i n  t o  r e a c t  w i th ,  and  th e  b la n k  
v a lu e  c o u ld  be d e te rm in e d .
The m o la r  e q u i v a l e n t  w e ig h t was d e te rm in e d  u s in g  th e  f o l ­
lo w in g  e q u a tio n *
M o lar e q u i v a l e n t  w e ig h t  =
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The t i t r a t e d  s o l u t i o n s  w ere p o o le d  and  ta k e n  t o  d ry n e s s  
i n  v a c u o . F i f t y  ml w a te r  w ere a d d e d  t o  th e  r e s i d u e ,  m ost o f  
w h ich  d i s s o l v e d .  The re m a in in g  s o l i d  was d i s s o lv e d  i n  50 ml 
e t h e r ,  and  b o th  s o l u t i o n s  w ere t r a n s f e r r e d  t o  a  s e p a r a t o r y  
f u n n e l .  The tw o p h a s e s  w ere m ix ed , and  th e n  th e  e t h e r  l a y e r  
was rem oved . The aq u e o u s  l a y e r  was e x t r a c t e d  tw ic e  more w ith  
50 m l a l i q u o t s  o f  e t h e r .  The e x t r a c t s  w ere  com bined  and ta k e n  
t o  d r y n e s s  i n  v a c u o , g iv i n g  66 mg o f  p r o d u c t .
A 2 ,4 -d in i t r o p h e n y lh y d r a z o n e  d e r i v a t i v e  was th e n  p r e p a re d  
f o l lo w in g  th e  p ro c e d u re  o f  S h r i n e r  e t  a l .  ( 3 8 ) .  The 2 , 4 - d i n i -  
t r o p h e n y lh y d r a z in e  s o l u t i o n  was made by  a d d in g  2 ml c o n c e n t r a ­
te d  s u l f u r i c  a c id  t o  0 ,4  g  2 , 4 - d i n i t r o p h e n y l h y d r a z in e  i n  a  
25 ml E r le n m e y e r  f l a s k .  T h re e  m l d i s t i l l e d  w a te r  w ere added  
d ro p w is e  w i th  s w i r l i n g .  Once s o l u t i o n  was c o m p le te ,  10 ml 
95# e t h a n o l  w ere a d d e d , th u s  fo rm in g  th e  r e a g e n t .  P e r io d a t e -  
t r e a t e d  e p i r o d i n  mix (66  mg) was d i s s o lv e d  i n  2 .5  m l e th a n o l  
and  2 ml o f  th e  2 ,4 - d in i t r o p h e n y l h y d r a z in e  r e a g e n t  w ere a d d e d . 
The p r e c i p i t a t e d  d e r i v a t i v e  was r e c r y s t a l l i z e d  from  e t h a n o l  
and  w a te r ,
£ .  P e r io d a te  O x id a t io n  o f  E p i r o d in  F o llo w in g  S a p o n i f i ­
c a t i o n . The p ro c e d u re  u se d  f o r  p e r i o d a t i o n  w i th  p r i o r  b a se  
t r e a tm e n t  was b a s e d  on t h a t  o f  Cope e t  a l .  ( 4 5 ) .  To 306  mg 
e p i r o d i n  mix i n  a  ro u n d -b o tto m  f l a s k  was ad d ed  30 m l d i s t i l l e d  
w a te r .  S i x t y  mg o f  s o l i d  NaOH w ere ad d ed  g iv i n g  a p p ro x im a te  
c o n c e n t r a t i o n s  o f  10 m g/m l e p i r o d i n  an d  2 m g/m l NaOH. The 
s o l u t i o n  was r e f l u x e d  f o r  1 h o u r ,  c o o le d  t o  room t e m p e r a tu r e ,  
and  d i l u t e d  w i th  250 ml e t h a n o l .  A l iq u o t s  o f  t h i s  s o l u t i o n
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w ere th e n  rem oved f o r  q u a n t i t a t i v e  p e r i o d a t e  d e t e r m i n a t io n s .
To 2 5 .0 0  ml o f  th e  above  s o l u t i o n  was added  5 0 ,0 0  m l 
o f  th e  p e r i o d a te  r e a g e n t ,  an d  t i t r a t i o n s  w ere p e rfo rm e d  a s  
d e s c r ib e d  in  th e  p ro c e e d in g  s e c t i o n .  The m o la r  e q u i v a l e n t  
w e ig h t was c a l c u l a t e d  a c c o r d in g  t o  th e  same e q u a t io n .
8 . P o ta s s iu m  P e rm a n g an a te  O x id a t io n  o f  E p i r o d i n . E p i ­
r o d in  mix (128 mg) was d i s s o l v e d  i n  250  m l b o i l i n g  w a te r .  The 
r e a c t i o n  f l a s k  was m a in ta in e d  a t  7 5 -8 5 °C , and  th e  s o l u t i o n  was 
s t i r r e d  c o n t in u o u s ly .  S o l id  p o ta s s iu m  p e rm an g an a te  was added  
s lo w ly  u n t i l  th e  p u rp le  c o l o r  s t a r t e d  l i n g e r i n g  a  few  moments 
b e f o r e  d i s a p p e a r in g .  A t t h i s  p o i n t  a  d i l u t e  KMnO^ s o l u t i o n  
was p r e p a re d  and added  d ro p w is e  u n t i l  th e  p u r p le  c o l o r  p e r ­
s i s t e d .  The s o l u t i o n  was l e f t  h e a t in g  and  s t i r r i n g  f o r  1 h o u r  
t o  i n s u r e  o x id a t io n  o f  an y  e p i r o d i n  t h a t  m ig h t be r e m a in in g .
The s o l u t i o n  was g r a v i t y  f i l t e r e d  t o  rem ove th e  m anganese d i ­
o x id e  w h ich  had  fo rm e d . The p r e c i p i t a t e  was d i s c a r d e d  le a v in g  
a  c l e a r  p u rp le  f i l t r a t e  show n t o  be s t r o n g l y  b a s i c  when t e s t e d  
w i th  pH p a p e r .  T h ree  N HC1 w as ad d ed  d ro p w ise  t o  r e d u c e  th e  
r e m a in in g  p e rm a n g a n a te . The s o l u t i o n  was f i l t e r e d  a  seco n d  
t im e  le a v in g  a  c l e a r ,  c o l o r l e s s ,  a c i d i c  s o l u t i o n .  The f i l t r a t e  
was e x t r a c t e d  once w ith  150  m l e t h e r  and  tw ic e  w i th  75 m l p o r ­
t i o n s .  The e x t r a c t s  w ere  com bined  and  c o n c e n t r a t e d  i n  v a c u o . 
P ro d u c ts  o f  th e  r e a c t i o n  w ere  ex a m in ed  by  b o th  TLC and  g a s -  
l i q u i d  ch ro m a to g ra p h y  (GLC) .  F o r  TLC th e  p r p d u c ts  w ere exam­
in e d  in  a c e to n e  1a c e t i c  a c i d i w a t e r  ( 8 . 5 *1 . 5 «0 . 5 ) ,  fo llo w e d  by 
s p r a y in g  w ith  b ro m o c re s o l g r e e n .
F o r  GLC th e  f r e e  a c id s  w ere  f i r s t  c o n v e r te d  i n t o  m e th y l
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e s t e r s .  T h is  was a c c o m p lis h e d  by  d i s s o l v i n g  th e  p r o d u c t  r e s ­
id u e  i n  5 ml r e d i s t i l l e d  m e th a n o l .  W ith  c o n s t a n t  s t i r r i n g ,
BF^ g a s  was p a s s e d  th r o u g h  th e  s o l u t i o n  f o r  5 m in u te s ,  f o l ­
low ed b y  a  10 m in u te  r e f l u x .  The m e th a n o l was rem oved i n  
v a c u o , and  th e  e s t e r i f i e d  p r o d u c t s  w ere d i s s o lv e d  i n  m e th y l­
en e  c h l o r id e  f o r  i n j e c t i o n  i n t o  th e  g a s  c h ro m a to g ra p h . The 
colum n te m p e ra tu r e  was m a in ta in e d  a t  200°C w h ile  p r e s s u r e s  o f  
H2 » a i r ,  and  N2 w ere s e t  a t  2 0 , 4 0 , and  10 l b s . ,  r e s p e c t i v e l y .
2 .  S a p o n i f i c a t i o n  o f  E p i r o d i n . A 100 mg sam ple  o f  e p i ­
r o d in  m ix was d i s s o lv e d  i n  50 ml 3 N K0H i n  50# m e th a n o l . The 
s o l u t i o n  was r e f l u x e d  f o r  3 h o u r s ,  c o o le d ,  and  a c i d i f i e d  w ith  
c o n c e n t r a t e d  HC1. I t  was th e n  e x t r a c t e d  w i th  50 ml e t h e r  tw ic e ,  
and  th e  e x t r a c t s  w ere com bined  and  ta k e n  t o  d ry n e s s  i n  v a c u o .
The r e s id u e  was s t o r e d  f o r  48 h o u rs  i n  a  vacuum  d e s i c c a t o r .  
S am p les  ( 1 .0 - 1 .5  mg) w ere  w eig h ed  o u t ,  d i s s o lv e d  i n  1 0 .0 0  ml 
95# e t h a n o l ,  and  th e  n e u t r a l i z a t i o n  e q u i v a l e n t s  w ere d e te rm in e d  
a s  p r e v i o u s l y  d e s c r i b e d .
1 0 . Sodium  B o ro h v d rid e  R e d u c tio n  o f  E p i r o d i n . The p r o ­
c e d u re  f o r  b o ro h y d r id e  r e d u c t i o n  o f  e p i r o d i n  was ta k e n  from  
P i e s e r  and  F i e s e r  ( 4 6 ) .  F o r ty  mg e p i r o d i n  w ere d i s s o lv e d  in  
100 ml 85# t e t r a h y d r o f u r a n  (THF) i n  w a te r .  Tw elve g NaOH w ere 
added  s o  a s  t o  make th e  s o l u t i o n  3 N. One g  NaBH^ was th e n  
a d d e d . The s o l u t i o n  was th e n  r e f l u x e d  f o r  20 h o u rs  w ith  co n ­
t i n u o u s  s t i r r i n g  s o  a s  t o  p r e v e n t  th e  f o r m a t io n  o f  tw o  l a y e r s .  
The s o l u t i o n  was c o o le d ,  and  th e  l a y e r s  w ere a l lo w e d  t o  s e p a ­
r a t e .  An a l i q u o t  o f  th e  t o p  (THF) l a y e r  was rem oved and ta k e n
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t o  d ry n e s s  i n  v a c u o . The r e s id u e  was w ashed w i th  e t h e r ,  and 
th e  w as h in g s  w ere com bined an d  ta k e n  t o  d r y n e s s  i n  v a c u o .
J .  B i o l o g ic a l  A c t i v i t y  o f  E p i r o d i n .
A n t i b a c t e r i a l  A c t i v i t y  o f  E p i r o d i n . The f o l lo w in g  
a s s a y  s y s te m  was d e v is e d  t o  d e te rm in e  w h e th e r  e p i r o d i n  i s  b a c ­
t e r i o s t a t i c  o r  b a c t e r i o c i d a l .  L iq u id  medium c o n s i s t i n g  o f  30  g 
o f  T r y p t ic a s e  Soy B ro th  (BBL) i n  1000 m l d i s t i l l e d  w a te r  was 
p r e p a r e d .  The s o l u t i o n  was d iv id e d  i n t o  f o u r  250 m l a l i q u o t s ,  
tw o o f  w h ich  w ere made 1% i n  a g a r .  The m e d ia  was a u to c la v e d  
f o r  17 m in u te s .  The tw o l iw u id  p o r t i o n s  w ere e a c h  in o c u la t e d  
w ith  1 m l o f  a  107 s p o re  s u s p e n s io n  o f  B . s u b t i l i s . and  th e  
s p o r e s  w ere a c t i v a t e d  a t  8 0 °  f o r  20 m in u te s .  The c u l t u r e s  w ere 
th e n  p la c e d  i n  a  s h a k in g  w a te r  b a th  a t  3 7 °  and a l lo w e d  t o  grow  
u n t i l  th e y  w ere q u i t e  c lo u d y  i n  a p p e a ra n c e .
A s o l u t i o n  o f  e p i r o d i n  mix i n  e t h a n o l  was p r e p a re d  a t  a  
c o n c e n t r a t i o n  o f  50 m g/m l. From i t  a  s e r i e s  o f  d i l u t i o n s  was 
p r e p a r e d  w i th  th e  c o n c e n t r a t i o n s  shown i n  T a b le  1 . Tw enty  u l  
o f  e a c h  s o l u t i o n  w ere so a k e d  o n to  6 .3  nun p a p e r  d i s c s  (D ifc o )  
w h ich  w ere th e n  p la c e d  i n  s t e r i l e  t e s t  t u b e s ,  and  th e  s o lv e n t  
was a l lo w e d  t o  e v a p o r a t e .  One ml o f  s t e r i l e  l i q u i d  medium was 
th e n  ad d ed  t o  e a c h  tu b e .  Thus th e  c o n c e n t r a t i o n  i n  Tube #1 
was 1 m g/m l w h ile  i n  Tube # 1 0 , i t  was 2 X 10“^ m g/m l. One 
lo o p f u l  o f  th e  B. s u b t i l i s  c u l t u r e  was ad d ed  t o  e a c h  tu b e .  The 
tu b e s  w ere t r a n s f e r r e d  t o  a  3 7 °  s h a k in g  w a te r  b a th  w here 
th e  c u l t u r e s  w ere  a l lo w e d  t o  grow  f o r  4  h o u r s .  T hose tu b e s
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TABLE 1.
C oncentration o f E p irod in  in  B a c te r ia l A ssay.
Tube # C o n c e n t r a t i o n  o f  
E p i r o d in  i n  S o lu t i o n
C o n c e n t r a t i o n  o f  
E p i r o d in  i n  C u l tu r e
1 50  m g/m l 1 ,0 0  mg/ml
2 25 0 .5 0
3 1 2 .5 0 ,2 5
4 6 .2 5 0 ,1 2 5
5 3 .1 2 0 ,0 6 3
6 1 .5 6 0 .0 3 2
7 0 ,7 8 0 .0 1 6
8 0 ,3 9 0 .0 0 8
9 0 .2 0 0 .0 0 4
10 0 .1 0 0 ,0 0 2
C o n tr o l 0 .0 0 0 ,0 0 0
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w hich  had  become c lo u d y  a t  th e  en d  o f  t h i s  p e r io d  w ere assum ed  
t o  have to o  low  a  l e v e l  o f  e p i r o d i n  f o r  i t  t o  e x e r t  an y  i n h i b i ­
to r y  i n f l u e n c e  on th e  b a c t e r i a l  g ro w th .  T ubes e x h i b i t i n g  no 
g ro w th  w ere s a id  t o  c o n t a in  a  b a c t e r i o s t a t i c  l e v e l  o f  e p i r o d i n .
To d e te rm in e  th e  b a c t e r i o c i d a l  l e v e l  o f  e p i r o d i n ,  th e  tu b e s  
c o n t a in i n g  b a c t e r i o s t a t i c  l e v e l s  w ere  c h e ck ed  f o r  a b i l i t y  t o  
g row . T h ese  c u l t u r e s  w ere s t r e a k e d  o n to  th e  a g a r - c o n ta i n in g  
medium w h ich  had  b e e n  p o u re d  i n t o  P e t r i  d i s h e s .  T hose p l a t e s  e x ­
h i b i t i n g  g ro w th  r e f l e c t e d  b a c t e r i o s t a t i c  l e v e l s  o f  e p i r o d i m  
p l a t e s  c o n t a in i n g  no g ro w th  in d i c a t e d  b a c t e r i o c i d a l  l e v e l s .
2 .  I n t e r a c t i o n  o f  E p i r o d in  w i th  S t e r o l s . F o r  s tu d y in g  
th e  b in d in g  o f  p o ly e n e  a n t i b i o t i c s  w i th  s t e r o l s ,  B it tm a n  and 
F is c h k o f f  (4 7 )  recommend d i s s o l v i n g  th e  s t e r o l  com ponen t and  
a n t i b i o t i c  i n  d im e th y lfo rm am id e  (DMF) and  d o in g  th e  e x p e r im e n ts  
i n  1 dM T r is -H C l-1 0  mM N aCl a t  pH 7 .4 ,  A ls o ,  th e  c o n c e n t r a ­
t i o n s  o f  th e  s to c k  s o l u t i o n s  s h o u ld  be s u c h  t h a t  th e  f i n a l  c o n ­
c e n t r a t i o n s  o f  DMF i n  th e  s p e c t r a l  s o l u t i o n  i s  l e s s  th a n  l £ .
Thus s to c k  s o l u t i o n s  o f  e p i r o d i n  m ix and  th e  v a r i o u s  s t e r o l s  
w ere p r e p a r e d  a t  c o n c e n t r a t i o n s  o f  5 .0  m g/m l i n  DMF, S o lu t i o n s  
c o n t a in i n g  v a r i o u s  r a t i o s  o f  s t e r o l  t o  e p i r o d i n  w ere p r e p a re d  
a s  shown i n  T a b le  2 , The in d i c a t e d  am ounts w ere m ixed  and  d i ­
l u t e d  t o  10 m l w ith  th e  1 mM T r i s -H C l- 1 0  mM N aCl b u f f e r .  The
s o l u t i o n s  w ere a l lo w e d  t o  s i t  30 m in u te s ,  and  th e  a b s o r p t i o n  
s p e c t r a  w ere  r u n .  B la n k s  c o n t a in i n g  th e  a p p r o p r i a t e  am ounts o f  
s t e r o l  and  DMF w ere u s e d .  The e f f e c t  o f  s t e r o l s  on th e  a b s o r p ­
t i o n  s p e c tru m  was exam ined  w i th  c h o l e s t e r o l  ( F i s h e r ) ,  e r g o s -  
t e r o l  (C a lb io c h e m ) , s t i g m a s t e r o l  (C a lb io c h e m ) , and  s i t o s t e r o l
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TABLE 2 .
P reparation  o f  S te r o l- E pirodin  S o lu t io n s .
S te r o l t E p i r o d i n u l  E p i ro d in * u l  S t e r o l *
5*1 50 10
4 i l 40 10
3*1 30 10
2 t l 20 10
l i l 10 10
C o n t r o l 0 10
* F iv e  mg/ml i n  DMF
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(C a lb io c h e m ) . The i n t e r a c t i o n  o f  e p i r o d i n  m ix and  v a r i o u s  
s t e r o l s  i n  e t h a n o l i c  and m e th a n o l ic  s o l v e n t  s y s te m s  w as a l s o  
ex a m in ed  by  th e  same m e th o d .
F o r  f lu o r e s e n c e  s t u d i e s ,  o n ly  th e  i n t e r a c t i o n  o f  c h o l e s ­
t e r o l  w i th  e p i r o d i n  was ex a m in ed . The s o l u t i o n s  w ere p r e p a r e d  
i n  th e  same m anner a s  th o s e  f o r  th e  a b s o r p t i o n  s p e c t r a l  s t u d i e s .  
U sin g  th e  s p e c t r o f l u o r o m e t e r ,  r e a d i n g s  w ere  t a k e n  a t  397  nra, 
th e  e m is s io n  maximum o f  e p i r o d in  m ix .
2.* I n h i b i t i o n  o f  Y e a s t by  E p i r o d i n . The a b i l i t y  o f  e p i ­
r o d i n  t o  i n h i b i t  th e  g ro w th  o f  th e  y e a s t  S a cc h a ro m y ce s  c e r e -  
v i s i a e  was s tu d i e d  b a s e d  on th e  m ethod o f  G o t t l i e b  e t  a l .  ( 2 9 ) .  
Two l i t e r s  o f  y e a s t  n i t r o g e n  d e x t r o s e  b a s e  medium (YNDB) (4 8 ) 
w ere p r e p a r e d .  I t s  c o m p o s i t io n  i s  show n i n  T a b le  3 .  The o r ­
g a n ism  was m a in ta in e d  a s  s to c k  c u l t u r e s  on Z% a g a r  s l a n t s  o f  
th e  above  m edium . I n o c u la  f o r  th e  y e a s t  s tu d y  w ere p r e p a re d  by  
p l a c in g  a  s t a b  o f  a  S . c e r e v i s i a e  c o lo n y  i n t o  a  16 mm t e s t  tu b e  
c o n t a in i n g  5 ml s t e r i l e  medium. The o rg a n ism  was g row n f o r  24- 
h o u r s  i n  a  r o t a r y  s h a k e r  a t  26°C , A l o o p f u l  o f  th e  r e s u l t i n g  
c u l t u r e  was t r a n s f e r r e d  t o  an  i d e n t i c a l  tu b e  and  grow n f o r  24 
h o u r s .  T h is  was a g a in  r e p e a te d  t o  s t a b i l i z e  th e  in o c u lu m .
The y e a s t  a s s a y  was done i n  25 m l E r le n m e y e r  f l a s k s ,  e a c h  
c o n t a in i n g  10 m l s t e r i l e  YNDB m edium . A s to c k  s o l u t i o n  o f  e p i ­
r o d i n  m ix  i n  m e th a n o l was made a t  a  c o n c e n t r a t i o n  o f  2 .5  m g/m l. 
Volum es o f  1 0 0 , 6 0 , 4 0 , 2 0 , 1 0 , and  5 u l  w ere  ad d ed  t o  th e  f l a s k s  
s o  a s  t o  g iv e  f i n a l  c o n c e n t r a t i o n s  o f  2 5 , 15» 1 0 , 5» 2 . 5 ,  and
1 ,2 5  u g /m l e p i r o d i n .  A c o n t r o l  f l a s k  c o n t a in i n g  100 u l  o f  
m e th a n o l b u t  no  e p i r o d i n  was a l s o  r u n .  To e a c h  f l a s k  was added
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TABLE 3 .  
C o m p o s itio n  o f  YNDB M edium.
D e x tro s e 10 g
Ammonium s u l f a t e 10 g
H i s t i d i n e  h y d ro c h lo r id e 20 mg
M e th io n in e 40 mg
T ry p to p h a n 40 mg
B i o t i n 4 ug
C a lc iu m  p a n to th e n a t e 800 ug
F o l i c  a c id 4 ug
I n o s i t o l 4 mg
N ia c in 800 ug
jo-A m inobenzo ic a c id 400 ug
P y r id o x in e  h y d r o c h lo r id e 800 ug
R ib o f l a v in 400 ug
T h iam in e  h y d r o c h lo r id e 800 ug
B o r ic  a c id 1 mg
C o p p er s u l f a t e * 5 H20 80 ug
P o ta s s iu m  io d id e 200 ug
F e r r i c  c h l o r i d e *6 H20 400 ug
M anganese s u l f a t e » H 2 0 800 ug
Sodium  m olybdate«2H 2 0 400 ug
Z in c  s u l f a t e •?  HgO 800 ug
P o ta s s iu m  p h o s p h a te  m o n o b a sic 2 g
M agnesium  s u l f a t e * 7 HgO 1 g
Sodium  c h l o r id e 200 mg
C a lc iu m  c h l o r id e 200 mg
D i s t i l l e d  w a te r 2000 m l
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1 .0  ml o f  th e  s t a b i l i z e d  y e a s t  c u l t u r e .  G row th was m easu red  
by  a b s o rb a n c e  r e a d i n g s  o f  th e  c u l t u r e  a t  530  nm ta k e n  a t  2 
h o u r  i n t e r v a l s  f o r  16 h o u r s .  The in s t r u m e n t  was s e t  w ith  a  
b la n k  c o n s i s t i n g  o f  u n in o c u la t e d  m edium . F o r  th e  d u r a t i o n  o f  
th e  a s s a y ,  th e  f l a s k s  w ere i n  a  r o t a r y  s h a k e r  s e t  a t  2 6 °  and 
100 rpm . The e n t i r e  p r o c e d u re  was done i n  th e  d a r k  s o  a s  t o  
p r e v e n t  d e g r a d a t io n  o f  e p i r o d i n .  To d e te rm in e  w h e th e r  o r  n o t  
e p i r o d i n  m a in ta in e d  i t s  l e v e l  o f  a c t i v i t y  f o r  th e  d u r a t io n  o f  
th e  e x p e r im e n t ,  a  d u p l i c a t e  s e t  o f  f l a s k s  was grow n w here th e  
e p i r o d i n  was ad d ed  16 h o u rs  p r i o r  t o  th e  in o c u lu m . The f l a s k s  
w ere p la c e d  i n  th e  s h a k e r  u n d e r  i d e n t i c a l  c o n d i t i o n s  and g ro w th  
o f  S . c e r e v i s i a e  was m easu red  a s  b e f o r e .
To d e te rm in e  th e  e f f e c t s  o f  s t e r o l ,  a  s e r i e s  o f  co n c e n ­
t r a t i o n s  o f  e p i r o d i n  w ere a s s a y e d ,  b u t  e a c h  f l a s k  a l s o  co n ­
t a i n e d  e r g o s t e r o l  a t  50  u g /m l. T h is  was done by  a d d in g  100 u l  
o f  a  5 m g/m l s to c k  s o l u t i o n  i n  m e th a n o l t o  e a c h  f l a s k .  G row th 
o f  th e  o rg a n ism  was m o n i to re d  a t  2 h o u r  i n t e r v a l s  a s  was p r e ­
v i o u s l y  d e s c r i b e d .
A n t i f u n g a l  A c t i v i t y  o f  E p i r o d i n . The e x p e r im e n ta l  
p ro c e d u re  fo l lo w e d  t o  d e t e c t  a n t i f u n g a l  a c t i v i t y  by  e p i r o d in  
was b a s e d  on t h a t  o f  G o t t l i e b  e t  a l .  ( 2 9 ) .  A g ar p l a t e s  w ith  
th e  a n t i b i o t i c  i n c o r p o r a t e d  i n t o  th e  medium w ere  s t r e a k e d  w ith  
th e  a p p r o p r i a t e  o rg a n ism  an d  o b s e rv e d  p e r i o d i c a l l y  f o r  s ig n s  
o f  g ro w th .
C zapek-D ox a g a r  (BBL) was th e  medium u s e d .  F i f t y  g w ere 
d i s s o lv e d  i n  1000 ml d i s t i l l e d  w a te r  and  th e  s o l u t i o n  was 
b o i l e d  f o r  1 m in u te ,  and  th e n  a u t o c la v e d .  A l iq u o t s  o f  th e  a g a r
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w ere  made e i t h e r  5» 2 5 , o r  50  u g /m l i n  e p i r o d i n ,  and  p l a t e s  
w ere p o u re d .  C o n t r o l s  w ere a l s o  ru n  c o n t a in i n g  th e  same medium 
b u t  no  e p i r o d i n .  The p l a t e s  w ere s t r e a k e d  w i th  e i t h e r  E p icoccum  
n ig ru m , A s p e r g i l l u s  f l a v u s . R h izo p u s  n i g r i c a n s » o r  F u sa r iu m  
o xyspo rum . E a ch  o rg a n ism  a t  e a c h  c o n c e n t r a t i o n  a s  w e l l  a s  a l l  
o f  th e  c o n t r o l s  w ere  r u n  i n  t r i p l i c a t e .  The p l a t e s  w ere ob­
s e r v e d  f o r  g ro w th  a t  2 ,  3 ,  and  6 d a y s ,
! •  E f f e c t  o f  E p i r o d in  on th e  F r u i t  F l y , D r o s o p h i la  m e l-  
a n o g a s t e r  medium was p r e p a r e d  c o n t a in i n g  th e  f o l l o w i n g 1
(1 )  G l u c o s e . , . . , , ,  , , . . 1 8  g
(2 )  A g ar ( D i f c o )  20  g
(3 )  Y e a s t e x t r a c t  ( D i f c o )  20  g
(4 )  C o m m e a l , . . . ......... . . . . . . . . 9 0  g
(5 )  Sodium  p r o p i o n a t e .  5 g
(6 )  D i s t i l l e d  w a te r  1000 ml
E v e r y th in g  b u t  th e  co rn m e a l was m ixed to g e t h e r  an d  h e a te d  u n t i l  
s o l u t i o n  was c o m p le te .  The co rn m e a l was ad d ed  and  th e  m ix tu re  
b o i l e d  f o r  1 m in u te .  Two m l a l i q u o t s  w ere  ad d ed  t o  s t e r i l e  
16 mm t e s t  tu b e s  w h ich  w ere p lu g g e d  w ith  c o t t o n .  I n t o  e a c h  o f  
15 tu b e s  was p la c e d  one m ale f r u i t  f l y  and  one v i r g i n  f e m a le .  
The p a i r s  w ere  l e f t  f o r  4  d a y s  and  th e n  rem o v ed . The num ber o f  
a d u l t s  h a tc h e d  p e r  tu b e  was c o u n te d ,  and  m eans an d  s t a n d a r d  d e ­
v i a t i o n s  w ere  c a l c u l a t e d .
To d e te rm in e  i f  e p i r o d i n  c o u ld  a f f e c t  D. m e la n o g a s te r  d e ­
v e lo p m e n t , th e  a s s a y  was r e p e a te d  w i th  th e  medium c o n t a in i n g  
1000 ppm e p i r o d i n  m ix . The num ber o f  a d u l t s  h a tc h e d  was e v a l -
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u a te d  an d  com pared  t o  th e  r e s u l t s  f o r  th e  c o n t r o l s .
6 .  E p i r o d in  and  H e m o ly s is . The a b i l i t y  o f  e p i r o d i n  t o  
c a u se  h e m o ly s is  o f  e r y t h r o c y t e s  w as i n v e s t i g a t e d  f o l lo w in g  
th e  b a s i c  p ro c e d u re  o f  K in sk y  e t  a l ,  ( 4 2 ,4 9 ,5 0 ) .  F r e s h  human 
b lo o d  w as o b ta in e d  and  a l lo w e d  t o  c o a g u la t e .  The sp e c im e n  was 
c e n t r i f u g e d  and  th e  serum  rem oved . The r e m a in in g  c l o t  was 
w ashed w i th  i s o t o n i c  s a l i n e  (0 .1 5 4  M N aCl) t o  rem ove a s  many 
i n t a c t  r e d  c e l l s  a s  p o s s i b l e .  T hese  c e l l s  w ere  th e n  w ashed  4 
t im e s  w i th  s a l i n e  t o  rem ove an y  o th e r  b lo o d  com p o n en ts  t h a t  
m ig h t be p r e s e n t .  The c e l l s  w ere th e n  d i l u t e d  w i th  s a l i n e  s o  
t h a t  when 0 .5 0  m l o f  t h i s  w ashed c e l l  s u s p e n s io n  was added  t o  
4 ,5 0  ml w a te r ,  th e  a b s o rb a n c e  o f  th e  r e s u l t i n g  s o l u t i o n  a t  
550 nm w as 0 . 5 1 0 .
A s to c k  s o l u t i o n  o f  e p i r o d in  m ix was p r e p a r e d  a t  a  c o n c e n ­
t r a t i o n  o f  2 m g/m l i n  DMF. The s to c k  was d i l u t e d  a s  shown i n  
T a b le  4  s o  t h a t  0 .2 5  ml o f  e a c h  c o n c e n t r a t i o n  c o u ld  be a d d e d . 
Thus e a c h  tu b e  c o n ta in e d  a n  i d e n t i c a l  am ount o f  DMF, I n  a d d i ­
t i o n  t o  0 .2 5  m l o f  th e  a p p r o p r i a t e  e p i r o d i n  s o l u t i o n ,  e a c h  
a s s a y  tu b e  c o n ta in e d  0 .5 0  m l e r y t h r o c y te  s u s p e n s io n  and  4 ,2 5  ml 
s a l i n e .  The tu b e s  w ere in c u b a te d  i n  a  w a te r  b a t h  a t  3 7 °  f o r  2 
h o u r s ,  c e n t r i f u g e d ,  and  a b s o rb a n c e  r e a d in g s  w ere  r e c o r d e d  on th e  
s u p e r n a t a n t  a t  550 nm. E ach  tu b e  was b la n k e d  w i th  a  s o l u t i o n  
c o n t a in i n g  4 ,7 5  ml s a l i n e  and  0 .2 5  m l o f  th e  a p p r o p r i a t e  e p i r o ­
d i n  s o l u t i o n .  A c o n t r o l  was a l s o  ru n  c o n t a in i n g  4 .2 5  ml s a l i n e ,  
0 .5 0  ml r e d  c e l l  s u s p e n s io n ,  and  0 ,2 5  ml DMF t o  s e e  i f  th e  s o l ­
v e n t  a lo n e  c o u ld  r u p tu r e  th e  c e l l s .
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TABLE 4 .
P reparation  o f E pirodin  S o lu tio n s  fo r  E rythrocyte A ssays .
M is S to c k  
E p i r o d in *
M is DMF C o n c e n t r a t i o n  
o f  E p i r o d in
C o n c e n t r a t i o n  
i n  A ssay
1 .0 9 .0 0 ,2  mg/ml 10 u g /m l
2 .0 8 .0 0 .4 20
3 .0 7 .0 0 .6 30
4 .0 6 .0 0 .8 40
5 .0 5 .0 1 .0 50
6 .0 4 .0 1 .2 60
7 .0 3 .0 1 .4 70
8 .0 2 .0 1 .6 80
9 .0 1 .0 1 .8 90
1 0 .0 0 .0 2 .0 100
*2 mg/m l i n  DMF
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To d e te rm in e  w h e th e r  th e  e p i r o d i n / e r y t h r o c y t e  r a t i o ,  and  
n o t  th e  a b s o lu t e  c o n c e n t r a t i o n  o f  th e  a n t i b i o t i c ,  d e te r m in e s  
th e  e x t e n t  o f  h e m o ly s is ,  a n  a l t e r n a t e  a s s a y  was s e t  up  w here 
th e  am ount o f  e p i r o d i n  re m a in e d  c o n s ta n t  w h ile  th e  e r y t h r o ­
c y te  c o n c e n t r a t i o n  v a r i e d .  E a ch  a s s a y  tu b e  c o n ta in e d  0 .2 5  m l 
o f  th e  1 .6  mg/m l e p i r o d i n  s o l u t i o n  t o  g iv e  a  f i n a l  c o n c e n t r a ­
t i o n  o f  80 u g /m l.  To th e  tu b e s  was th e n  added  0 .2 5 ,  0 .3 5 ,
0 .4 5 ,  0 .5 5 i  0 .6 0 ,  0 . 7 0 , 0 .8 0 ,  0 .9 0 ,  1 .0 0 ,  and  2 .0 0  ml o f  e r y ­
th r o c y te  s u s p e n s io n .  I s o t o n i c  s a l i n e  was ad d ed  s o  t h a t  th e  
t o t a l  vo lum e o f  e a c h  tu b e  was 5 .0 0  m l. The tu b e s  w ere in c u ­
b a te d  a t  3 7 °  f o r  2 h o u r s ,  c e n t r i f u g e d ,  and  a b s o rb a n c e  r e a d ­
in g s  a t  550 nm w ere o b ta in e d .  A b la n k  c o n t a in i n g  e p i r o d i n  a t  
80 u g /m l was u s e d .
To d e te rm in e  w h e th e r  o r  n o t  serum  c o u ld  i n h i b i t  h e m o ly s is  
by  e p i r o d i n ,  a n  a s s a y  was s e t  up  w here e a c h  tu b e  c o n ta in e d  a  
c o n s t a n t  am ount o f  e p i r o d i n  and  e r y t h r o c y t e s ,  b u t  i n c r e a s in g  
am ounts o f  s e ru m . T hus t o  e a c h  o f  14 t e s t  tu b e s  was ad d ed  
0 .2 5  m l 1 .6  m g/m l e p i r o d i n  t o  g iv e  a  f i n a l  c o n c e n t r a t i o n  o f  
80 u g /m l,  and  a l s o  0 .5 0  m l o f  e r y t h r o c y te  s u s p e n s io n .  To th e  
f i r s t  f i v e  tu b e s  w ere a d d e d  0 . 2 5 , 0 .2 0 ,  0 , 1 5 , 0 .1 0 ,  and  0 .0 5  
ml serum  t o  g iv e  c o n c e n t r a t i o n s  t h a t  w ere 5 # , 4 # , 3% , 2 # , an d  
1# , r e s p e c t i v e l y ,  o f  th e  t o t a l  v o lu m e s . A 20# s o l u t i o n  o f  
serum  i n  s a l i n e  was th e n  p r e p a r e d  and 0 .1 9 0 , 0 . 1 2 5 » 0 .1 0 0 ,  
0 .063»  and  0 .0 2 5  ml a l i q u o t s  w ere  added  t o  th e  n e x t  f i v e  a s s a y  
tu b e s  t o  g iv e  c o n c e n t r a t i o n s  o f  0 .7 5 # , 0 . 50# ,  0 .4 0 # , 0 .2 5 # ,  
and  0 .1 0 #  se ru m . T hen a  0 .1 #  s o l u t i o n  o f  serum  i n  s a l i n e  was 
p r e p a re d  and  2 . 5 ,  0 . 5 ,  0 . 2 5 , and  0 .0 5  m l a l i q u o t s  w ere  ad d ed  t o
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th e  r e m a in in g  f o u r  tu b e s  t o  g iv e  c o n c e n t r a t i o n s  o f  0 . 05# ,  
0 .0 1 % ,  0 .0 0 5% , an d  0 .0 0 1 #  se ru m . E ach  a s s a y  tu b e  w as th e n  
d i l u t e d  t o  5#0  ml w ith  s a l i n e .  A gain»  th e  tu b e s  w ere i n c u ­
b a t e d ,  c e n t r i f u g e d ,  and  a b s o rb a n c e  r e a d in g s  w ere o b ta in e d  
w ith  an  80  u g /m l e p i r o d i n  b la n k .
The a b i l i t y  o f  c h o l e s t e r o l  t o  i n h i b i t  th e  l y t i c  e f f e c t  
o f  e p i r o d i n  on e r y t h r o c y t e s  was e v a lu a te d  i n  a n  a s s a y  w here  
e a c h  tu b e  c o n ta in e d  e q u a l  am ounts o f  r e d  c e l l s  and  c h o l e s t e r o l  
b u t  i n c r e a s i n g  am oun ts  o f  e p i r o d i n .  Thus e a c h  tu b e  c o n t a in e d  
0 ,5 0  m l e r y t h r o c y t e  s u s p e n s io n ,  50  u l  o f  a  5 mg/ml c h o l e s t e r o l  
s o l u t i o n  i n  DMF, an d  0 .2 5  m l o f  th e  e p i r o d in  s o l u t i o n s  d e s ­
c r i b e d  i n  T a b le  4 .  The tu b e s  w ere d i l u t e d  t o  5 .0  m l, in c u b a ­
t e d ,  c e n t r i f u g e d ,  an d  m e asu red  a s  f o r  th e  o r i g i n a l  a s s a y  u s in g  
th e  same b l a n k s .
To i d e n t i f y  o th e r  se ru m  com ponen ts t h a t  m ig h t be a b l e  t o  
i n h i b i t  h e m o ly s is  by  e p i r o d i n ,  a s s a y s  w ere c o n d u c te d  w here  
e a c h  c o n s t i t u e n t  w ould  be p r e s e n t  a t  i t s  n o rm a l p h y s i o l o g i c a l  
l e v e l .  T a b le  5 show s th e  n o rm a l r a n g e s  a s  s t a t e d  b y  D a v id s o h n  
and H en ry  (5 1 )  a s  w e l l  a s  th e  c o n c e n t r a t i o n s  a t  w h ich  th e y  
w ere t e s t e d .  The a p p r o p r i a t e  am ount o f  e a c h  was w e ig h e d  i n t o  
a  t e s t  tu b e  and  0 .5 0  m l o f  e r y t h r o c y te  s u s p e n s io n ,  0 .2 5  m l o f  
1 .8  m g/m l e p i r o d i n ,  and  4 .2 5  ml s a l i n e  w ere ad d e d . F o llo w in g  
a  2 h o u r  i n c u b a t i o n  p e r i o d  a t  37 °» th e  e x t e n t  o f  h e m o ly s is  
was d e t e r m in e d .
The e f f e c t  o f  an  o s m o tic  s t a b i l i z e r  i n  th e  a s s a y  s y s te m  
was a l s o  i n v e s t i g a t e d .  The s e r i e s  o f  e p i r o d in  s o l u t i o n s  d e s ­
c r i b e d  i n  T a b le  4  was u s e d  g iv i n g  c o n c e n t r a t i o n s  r a n g in g  from  
10 t o  100 u g /m l.  To e a c h  tu b e  was added  0 ,5 0  ml e r y t h r o c y t e
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TABIE 5 .
N orm al P h y s i o lo g ic a l  L e v e ls  o f  Serum  C o n s t i t u e n t s .
C om ponent N orm al Range A ssay  C o n c e n t r a t i o n
A lbum in 3 2 -5 7  mg/ml 50  m g/m l
y - G l o b u l i n 0 ,5 - 2 .0  mg/ml 1 ,0  m g/m l
U rea .1 2 - .4 4  m g/ml 0 ,5 0  m g/m l
G lu co se 0 .6 - 0 ,9  mg/ml 1 ,0  m g/m l
P h o s p h o l ip id s l# 5 -3 # 8  mg/ml 4 .0  mg/ml
F re e  f a t t y  a c id s  
A c e t i c  a c id  
O le ic  a c id  
L i n o l e i c  a c id
0 ,3 - 0 .8  m eq/1
.0 6  m eq/1  
.2 4  m eq/1  
.2 4  m e q /l
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s u s p e n s io n ,  and  i n s t e a d  o f  4 .2 5  ml i s o t o n i c  s a l i n e ,  a n  e q u a l  
volum e o f  0 .2 5  M s u c r o s e  was u s e d .  The a s s a y  was c o n d u c te d  
i n  th e  same m anner w i th  th e  tw o h o u r  i n c u b a t i o n  p e r i o d .
The k i n e t i c s  o f  th e  h em o ly z in g  p r o c e s s  w ere a l s o  b r i e f l y  
e x a m in ed . T ubes c o n t a in i n g  e p i r o d i n  a t  1 0 , 4 0 , 5 0 , and  60 
u g /m l w ere s e t  up w i th  0 .5 0  m l e r y t h r o c y te  s u s p e n s io n ,  and
4 .2 5  ml s a l i n e  i n  e a c h  o n e . S ix  tu b e s  o f  e a c h  c o n c e n t r a t i o n  
w ere p r e p a re d  s o  t h a t  th e y  c o u ld  be in c u b a te d  f o r  d i f f e r e n t  
l e n g th s  o f  t i m e .  Time z e ro  was ta k e n  t o  be a t  a d d i t i o n  o f  
th e  r e d  c e l l s ,  and  th e  tu b e s  w ere in c u b a te d  f o r  5» 1 0 , 2 0 , 4 0 , 
6 0 , o r  120 m in u te s .  A t th e  a p p r o p r i a t e  t i m e s ,  th e y  w ere r e ­
moved from  th e  3 7 °  w a te r  b a t h ,  im m e d ia te ly  c e n t r i f u g e d ,  and  
th e  a b s o rb a n c e  a t  550  nm was r e c o rd e d  w i th  th e  a p p r o p r i a t e  
b l a n k s .
The a b i l i t y  o f  e p i r o d i n  w hose chrom ophore  h as  b e e n  d e s ­
t r o y e d  by  i l l u m i n a t i o n  w i th  v i s i b l e  l i g h t  i n  th e  p r e s e n c e  o f  
f l a v i n s  t o  c a u s e  l y s i s  was a l s o  c h e c k e d . Thus t o  0 .2 5  m l o f  
a  1 .6  m g/m l s o l u t i o n  o f  e p i r o d i n  mix w ere ad d ed  4 .2 5  ml s a ­
l i n e  and  0 .0 8  m o les  r i b o f l a v i n .  The s o l u t i o n  was e x p o se d  to  
l i g h t  f o r  tw o h o u rs  t o  p e rm it  d e s t r u c t i o n  o f  th e  p o ly e n e  c h r o ­
m ophore , One h a l f  ml o f  e r y t h r o c y te  s u s p e n s io n  was a d d e d , 
and  th e  s o l u t i o n  was in c u b a te d  f o r  2 h o u rs  a t  3 7 ° .  H em o ly sis  
was m e asu red  a s  i n  th e  p r e v io u s  a s s a y s .
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I I I . RESULTS AND DISCUSSION.
A. G row th o f  E p icoccum  n ig ru m .
E . n ig ru m  g rew  c o n s i s t e n t l y  w e l l  on e a c h  o f  th e  d i f f e r ­
e n t  m e d ia  u s e d .  S o l id  m a lt  e x t r a c t  medium was u sed  f o r  s to c k  
c u l t u r i n g  th e  o rg a n ism  a s  w e l l  a s  f o r  th e  i s o l a t i o n  o f  e p i ­
r o d i n .  When c u l t u r e d  on t h i s  m edium , th e  e n t i r e  s u r f a c e  b e ­
came c o v e re d  by  a  w h ite  m ycelium  w i th i n  s e v e r a l  d a y s ,  and  
s m a l l  a r e a s  o f  y e l lo w -o ra n g e  p ig m e n ta t io n  b eg a n  t o  a p p e a r .
By th e  end  o f  th e  f i r s t  w eek , p ig m en t had  d i f f u s e d  th r o u g h ­
o u t th e  m edium , an d  a r e a s  o f  o ld e r  m y c e l i a l  g ro w th  b eg a n  t o  
t u r n  b row n . A f t e r  a b o u t  t e n  d a y s ,  th e  e n t i r e  m ycelium  was 
a  b ro w n is h -o ra n g e  c o l o r ,  and  s m a l l  a r e a s  o f  young w h ite  my­
c e liu m  w ere s t a r t i n g  t o  d e v e lo p  on to p  o f  i t .  A t a b o u t  t h i s  
same t im e ,  s m a l l  d a r k  r e d - o r a n g e  p ig m en te d  b e a d s  w ere becom ­
in g  a p p a re n t  on th e  s u r f a c e .  By th e  end  o f  th e  tw o week 
g ro w th  p e r i o d ,  t h e r e  w ere  num erous b e a d s  p r e s e n t ,  and  th e  
e n t i r e  s u r f a c e  was a  d e e p  re d -b ro w n . A t t h i s  p o in t  th e  
c u l t u r e s  w ere  e x t r a c t e d  f o r  th e  a p p r o p r i a t e  com pounds.
E . n ig ru m  was a l s o  grow n i n  s h a k in g  l i q u i d  c u l t u r e s  
f o r  hum ic a c id  a n a ly s e s .  Y e a s t e x t r a c t  and  m a lt  e x t r a c t  
m ed ia  w ere u s e d .  G row th  o f  th e  o rg an ism  was s i m i l a r  i n  b o th  
m e d ia . On th e  d a y  f o l lo w in g  i n o c u l a t i o n ,  f u r r y  w h ite  b a l l s  
o f  m ycelium  c o u ld  be s e e n .  By th r e e  d a y s  th e  c u l t u r e s  w ere 
a l r e a d y  p ig m e n te d  a  y e l lo w is h - b ro w n  i n  th e  y e a s t  e x t r a c t  
medium and  m ore o f  a n  o ra n g e -b ro w n  c o l o r  i n  th e  m a lt  e x t r a c t
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m edium . As th e  c u l t u r e s  a g e d , th e  c o l o r s  d a rk e n e d  s t e a d i l y ,  
and  th e  v i s c o s i t y  o f  th e  s o l u t i o n s  c o n t i n u a l l y  i n c r e a s e d .
By th e  end  o f  th e  g ro w th  p e r i o d s ,  b o th  s e t s  o f  c u l t u r e s  had  
become a  d a r k  brow n and  w ere o f  a  p o r r i d g e - l i k e  c o n s i s t e n c y ,
B. I s o l a t i o n  and  A n a ly s is  o f  Humic A c id .
T h ree  s e t s  o f  c u l t u r e s  w ere grow n f o r  hum ic a c id  a n a ly ­
s i s ,  w i th  e a c h  s e t  c o n t a in i n g  15 in d i v i d u a l  c u l t u r e  f l a s k s .
One s e t  c o n ta in e d  m a lt  e x t r a c t  medium and was grow n f o r  5 
d a y s  w h ile  a  s e c o n d  i d e n t i c a l  s e t  was m a in ta in e d  f o r  21 d a y s .  
The t h i r d  s e t  c o n ta in e d  y e a s t  e x t r a c t  medium and was grow n f o r  
5 d a y s .  E ach  s e t  was t r e a t e d  i d e n t i c a l l y  f o r  th e  i s o l a t i o n  
o f  th e  hum ic a c i d s .
The i n i t i a l  s t e p  in v o lv e d  s e p a r a t i o n  o f  th e  m y c e lia  
from  th e  c u l t u r e  m edium . T h is  was a c c o m p lis h e d  w ith  g r e a t  
d i f f i c u l t y  a s  th e  medium w ould  s e t  t o  a  g e l  upon s ta n d i n g ,  
e s p e c i a l l y  f o r  th e  s e t  o f  c u l t u r e s  w h ich  had  b e e n  grow n f o r  
21 d a y s .  B ec au se  o f  t h i s ,  a s  th e  c u l t u r e s  w ere p o u re d  i n t o  
a  b u c h n e r  f u n n e l ,  th e y  w ere c o n t i n u a l l y  d i l u t e d  w i th  d i s ­
t i l l e d  w a te r .  A f t e r  b e in g  f r e e d  o f  m y c e l i a l  f r a g m e n ts ,  th e  
c u l t u r e  b r o th s  o f  e a c h  s e t  w ere com bined and  c o n c e n t r a t e d  a l ­
m ost t o  d r y n e s s  i n  v a c u o . The c o n c e n t r a t e s  w ere d a rk  brow n 
and  v e r y  s l im y .  E ach  was d i s s o lv e d  i n  a  minimum volum e o f  
50 mM T r is -H C l b u f f e r ,  pH 7 .5  ( a p p ro x im a te ly  25 m l ) .  T h is  
m a t e r i a l  was t r a n s f e r r e d  t o  d i a l y s i s  tu b in g  (2 i n .  X 6 i n . ) ,
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and  d i a ly z e d  3 t im e s  a g a i n s t  2000 ml a l i q u o t s  o f  th e  b u f f e r  
f o r  12 h o u r  p e r i o d s .  A f t e r  th e  f i r s t  d i a l y s i s ,  th e  b u f f e r s  
had  tu r n e d  a  d a r k  o ran g e  and  w ere v e r y  c lo u d y . The seco n d  
b u f f e r  a l i q u o t s  w ere a  c l e a r  d a r k  y e l lo w , w h ile  th e  t h i r d  
w ere p a l e  y e l lo w  and  c l e a r .  The m a t e r i a l  r e m a in in g  i n  th e  
d i a l y s i s  t u b in g  was t r e a t e d  and  p u r i f i e d  a s  d e s c r i b e d  i n  th e  
p r e v io u s  s e c t i o n .
None o f  th e  hum ic a c id  i s o l a t e s  was fo u n d  t o  p o s s e s s  an y  
b i o l o g i c a l  a c t i v i t y  a t  10 m g/m l a g a i n s t  e i t h e r  C. p v r e n o id o s a .
B. s u b t i l i s . o r  A. s a l i n a .
An e l e m e n ta l  a n a l y s i s  was done on a  sam p le  o f  e a c h  hum ic 
a c id  i s o l a t e  grow n u n d e r  th e  v a r i o u s  c u l t u r a l  c o n d i t i o n s .  
R e s u l t s  a r e  p r e s e n t e d  i n  T a b le  6 a lo n g  w i th  th o s e  o f  p r e ­
v io u s  w o rk e r s .  I t  i s  a p p a re n t  t h a t  th e  e l e m e n t a l  c o m p o s i t io n  
o f  th e  hum ic a c id s  was n o t  c o n s i s t e n t  and  may have depended  
on th e  c u l t u r a l  c o n d i t i o n s .  T h a t th e  p e r c e n ta g e  o f  c a rb o n  
d ro p p e d  f o r  th e  m a lt  e x t r a c t  c u l t u r e  grow n f o r  21 d a y s  a s  
com pared  t o  t h a t  grow n f o r  5 d a y s  m ig h t i n d i c a t e  t h a t  th e  
hum ic a c id  i n  th e  o ld e r  c u l t u r e s  i s  com posed o f  more h ig h ­
l y  o x id iz e d  s u b s t a n c e s .  H ow ever, i n  ex a m in in g  th e  CHN d e ­
t e r m in a t io n s  r e p o r t e d  by  Foppen  ( 1 ) ,  M a r t in  e t  a l .  ( 1 4 ) ,  and 
B urge (1 2 )  w h ich  w ere done on s a m p le s  i s o l a t e d  from  c u l t u r e s  
grow n i n  th e  same y e a s t  e x t r a c t  medium a s  was th e  sam p le  r e ­
p o r te d  i n  t h i s  w o rk , th e  s i m i l a r i t y  i n  th e  3 day  p ro d u c t  o f  
F oppen  (1 )  t o  th e  22 d ay  p r o d u c t  o f  M a r t in  e t  a l .  (1 4 )  w ould 
i n d i c a t e  t h a t  c u l t u r e  t im e  i s  n o t  a n  im p o r ta n t  f a c t o r .  Thus 
t h e r e  d o e s  n o t  a p p e a r  t o  be an y  o b v io u s  c o r r e l a t i o n  b e tw e en
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TABLE 6 .
E le m e n ta l  A n a ly s i s  o f  Humic A c id .a
C arb o n H ydrogen N itro g e n
M alt E x t r a c t  Medium 
(5 d a y s )
4 0 .2 8 7 .0 2 6 .1 5
M alt E x t r a c t  Medium 
(21 d a y s )
3 5 .8 0 6 .7 0 7 .1 6
Y e a s t E x t r a c t  Medium 
(5  d a y s )
3 3 .1 9 7 .3 1 1 0 .5 4
F oppen (1 )
(3 d a y s )
5 4 .9 5 .8 6 .3
M a r t in  e t  a l .  (1 4 ) 
(22 d a y s )
5 3 -5 9 5 .1 6 - 8 .5
B urge (1 2 )
(5 d a y s )
4 1 .6 5 .9 5 .6
a  A verage  o f  d u p l i c a t e  d e t e r m i n a t io n s .
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th e  r e s u l t s  o b ta in e d  b y  th e  d i f f e r e n t  w o rk e rs .  The c a rb o n  
c o n t e n t  o f  3 3 .1 9 #  o b ta in e d  i n  t h i s  w ork i s  s i g n i f i c a n t l y  
lo w e r  th a n  th o s e  r e p o r t e d  p r e v i o u s l y  and  th e  n i t r o g e n  co n ­
t e n t  o f  1 0 ,5 4 #  i s  h i g h e r .  The l a t t e r  s u g g e s t s  a  g r e a t e r  r e l ­
a t i v e  p e r c e n ta g e  o f  am ino  a c id s  b e in g  in c o r p o r a te d  i n t o  th e  
hum ic a c id  a s  com pared  t o  th e  am ount o f  p h e n o l ic  m a t e r i a l .
F o llo w in g  h y d r o l y s i s  o f  th e  hum ic a c id  s a m p le s ,  am ino 
a c id  a n a ly s e s  w ere  o b t a in e d .  R e s u l t s  a r e  p r e s e n te d  i n  T a b le  
7 a lo n g  w i th  th o s e  o f  F oppen  ( 1 ) .  By co m p arin g  th e  d i f f e r e n t  
v a l u e s ,  i t  i s  s e e n  t h a t  th e  am ino  a c id  c o n t e n t  d id  n o t  change 
much i f  a  c u l t u r e  w as g row n f o r  5 d a y s  o r  21 d a y s ,  a s  lo n g  
a s  th e  medium was th e  sam e. I t  i s  o n ly  f o r  v a l in e  and  a l a ­
n in e  t h a t  t h e r e  w ere  a n y  s i g n i f i c a n t  d i f f e r e n c e s .  H ow ever, 
i f  an  a l t e r n a t i v e  n u t r i t i v e  s o u rc e  su c h  a s  y e a s t  e x t r a c t  was 
u s e d ,  th e  c o n t e n t  w as v e r y  d i s s i m i l a r .  D i f f e r e n t  am ino a c id s  
a s  w e l l  a s  d i f f e r e n t  r a t i o s  w ere s e e n  t o  o c c u r .  Foppen  ( 1 ) ,  
u s in g  th e  same y e a s t  e x t r a c t  m edium , o b s e rv e d  fe w e r  am ino 
a c id s  and d i f f e r e n t  r e l a t i v e  am o u n ts .
P h e n o l c o m p o s i t io n  was exam in ed  u s in g  th e  same h y d r o l ­
yzed  sa m p le s  u s e d  f o r  th e  am ino a c id  d e t e r m i n a t io n s .  H a id e r  
and  M a r t in  (1 5 )  r e p o r t e d  th e  i s o l a t i o n  o f  p h e n o ls  from  e t h ­
y l  e t h e r  e x t r a c t s  o f  n u t r i e n t  b r o t h  i n  w h ich  E . n ig ru m  was 
g ro w in g . H ow ever, a l l  a t t e m p ts  w i th  t h i s  p ro c e d u re  w ere f u ­
t i l e .  T ro u b leso m e e m u ls io n s  w ere r e p e a t e d l y  o b ta in e d  w h ic h , 
a f t e r  f i n a l l y  s e p a r a t i n g ,  c o u ld  n o t  be shown t o  c o n t a in  an y  
p h e n o ls .  I n  t h e i r  p a p e r  t h e s e  a u t h o r s  had  a l s o  r e p o r t e d  
t h a t  th e  f o r m a t io n  o f  hum ic a c id  was a s s o c i a t e d  w ith  th e  d i s -
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TABLE 7 .
Amino A c id  A n a ly s is  o f  Humic A c id . a
M a lt E x t r a c t  M a lt E x t r a c t  Y e a s t E x t r a c t  Foppen  
(5 d a y s )  (21 d a y s )
A la n in e 2 4 0 2
A rg in in e 2 1 0 0
A s p a r t i c  A c id 2 2 1 2
C y s t in e 0 0 k 0
G lu ta m ic  A c id 2 2 1 3
G ly c in e 5 k 2 5
H i s t i d i n e 1 1 0 0
I s o l e u c in e 1 1 1 0
L e u c in e 2 2 2 0
L y s in e 1 1 1 1
M e th io n in e 1 1 0 0
P h e n y la la n in e 2 2 0 0
P r o l in e 9 8 1 2
S e r in e 2 2 1 1
T h re o n in e 1 1 1 1
T y ro s in e 0 0 0 0
V a lin e 0 3 7 1
a R e l a t i v e  m o la r  am oun ts  f o r  e a c h  p r e p a r a t i o n .
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a p p e a ra n c e  o f  p h e n o ls .  Thus e t h e r  e x t r a c t s  o f  aq u e o u s  a c i d ­
i c  s o l u t i o n s  o f  h y d ro ly z e d  sa m p le s  o f  hum ic a c id  w ere exam­
in e d  f o r  p h e n o ls .  T e n ta t iv e  i d e n t i f i c a t i o n s  w ere made u s in g  
tw o - d im e n s io n a l  TLC ( F ig ,  1 0 ) .  By c o m p a r is o n  w ith  s t a n d a r d s ,  
s p o t  3 c o r re s p o n d e d  t o  3 ,5 -d ih y d ro x y b e n z o ic  a c i d ,  5 t o  r e s o r -  
c i n o l ,  6 t o  o r c i n o l ,  7 t o  2*4 - d ih y d r o x y t o lu e n e , 9 t o  2 ,4 -  
d ih y d ro x y b e n z o ic  a c i d ,  and  11 t o  o r s e l l i n i c  a c i d .  By com­
p a r i s o n  w ith  th e  r e s u l t s  o f  M a r t in  and  H a id e r  (1 5 )»  1 was 
t e n t a t i v e l y  i d e n t i f i e d  a s  2 ,4 ,6 - t r i h y d r o x y b e n z o ic  a c i d ,  2 a s  
p h lo r o g l u c in o l ,  4 a s  p r o to c a t e c h u ic  a c i d ,  8 a s  2 , 4 , 5 - t r i h y ­
d ro x y  to lu e n e  , 10 a s  c r e s o r s e l l i n i c  a c i d ,  an d  12 a s  1 ,3 - d ih y -  
d ro x y -5 » 6 - d im e th y lb e n z e n e .
An a l t e r n a t e  s e t  o f  s o l v e n t s  was u se d  t o  i d e n t i f y  th e  
p h e n o ls  and  p ro d u ced  th e  p a t t e r n  show n i n  F ig .  11 . I n  t h i s  
s y s te m , th e  p h e n o ls  had  Rp  v a lu e s  w h ich  w ere  v e ry  c l o s e  t o  
e a c h  o th e r  m ak ing  i t  d i f f i c u l t  t o  com pare them  w ith  th e  s t a n ­
d a r d s .  H ow ever, th e  v a r i o u s  c o l o r  r e a c t i o n s  t o  th e  v a n i l l i n -  
s u l f u r i c  a c id  s p r a y  r e a g e n t  h e lp e d  c o n s id e r a b ly  i n  th e  id e n ­
t i f i c a t i o n .  3 » 5 -D ih y d ro x y b e n z o ic  a c id  p ro d u c e d  a  b r i g h t  b lu e  
s p o t  w h ile  th e  2 ,4  c o u n t e r p a r t  tu r n e d  p u r p l e .  O r c in o l  was a  
y e l lo w is h - p u r p le  and  r e s o r c i n o l ,  a  b r i g h t  r e d - p i n k .  The id e n ­
t i f i c a t i o n  o f  s p o ts  c o r r e s p o n d in g  t o  5 an d  7 was o n ly  t e n ­
t a t i v e  a s  th e y  w ere s o  c l o s e  t o  th e  o th e r  p h e n o l ic  com pounds.
I n  t h e i r  s tu d y  o f  p h e n o ls  p ro d u c e d  by  E . n ig ru m , H a id e r  
and  M a r t in  (1 5 )  r e p o r t e d  e a c h  o f  th e  p h e n o ls  fo u n d  i n  t h i s  
w o rk . I n  a d d i t i o n ,  th e y  w ere a b l e  t o  i d e n t i f y  £ -h y d r o x y -  
c in n a m ic  a c i d ,  jo -h y d ro x y b e n z o ic  a c i d ,  5 - m e th y lp y r o g a l lo l ,
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chloroform -acetic acid (8:2)
F ig u re  10 . TLC o f  E t h e r - S o lu b le  P o r t i o n  o f  H y d ro ly zed  Humic 
A c id . S ystem  o f  M a r t in  and H a id e r  ( 1 5 ) .  S p ray ed  
w ith  V a n i l l i n - S u l f u r i c  A c id . S p o ts  w ith  S o l id  
L in e s  w ere I d e n t i f i e d  by  C o m p a riso n  w ith  S ta n ­
d a rd s  .
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F ig u re  11 . T I£  o f  E th e r - S o lu b le  P o r t i o n  o f  H y d ro ly zed
Humic A c id . 2» 3 i5 -D ih y d ro x y b e n z o ic  A c id , 3»
2 ,4 -D ih y d ro x y b e n z o ic  A c id ,  Ut O r c in o l ,  5* 
O r s e l l e n i c  A c id , 6 i R e s o r c i n o l ,  7* 2 ,^ - D ih y -  
d ro x y to lu e n e .  S o lv e n t  S y stem  o f  S m ith  e t  a l .  
( 5 2 ,5 3 ) .  S p ra y e d  w i th  V a n i l l i n - S u l f u r i c  A c id .
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an d  m e th y l p h lo r o g l u c i n o l ,  among o t h e r s .  Thus i t  i s  s e e n  
t h a t  th e  p h e n o ls  i n  th e  hum ic a c id  p ro d u ced  by  th e  UNH s t r a i n  
o f  E .  n ig ru m  a r e  c o n s i s t e n t  w ith  th o s e  r e p o r t e d  t o  be  p r e ­
s e n t  by  o th e r  w o rk e rs .  S im i l a r  r e s u l t s  w ere o b ta in e d  w i th  
e a c h  o f  th e  t h r e e  hum ic a c id  s a m p le s , i n d i c a t i n g  t h a t  th e  
c o m p o s i t io n  o f  th e  m e d ia  and th e  l e n g th  o f  th e  g ro w th  p e r ­
io d  a r e  n o t  s i g n i f i c a n t l y  r e f l e c t e d  i n  th e  q u a l i t a t i v e  p h e ­
n o l  c o n t e n t ,
C . E x t r a c t i o n  and  I s o l a t i o n  o f  th e  E p i r o d i n s .
E x t r a c t i o n  o f  E .  n ig ru m  c u l t u r e s  w ith  e t h a n o l  g av e  a  
c ru d e  e x t r a c t  w h ich  was d a r k ,  r e d d is h - b ro w n  i n  c o l o r  an d  b i o ­
l o g i c a l l y  a c t i v e  a g a i n s t  B. s u b t i l i s . C . p v r e n o i d o s a . and  
A. s a l i n a . T h in  l a y e r  ch ro m a to g ra p h y  o f  th e  c ru d e  e x t r a c t  
i n d i c a t e d  th e  p r e s e n c e  o f  s e v e r a l  y e l lo w  p ig m e n ts  an d  n u ­
m ero u s f l u o r e s c e n t  com pounds ( P ig .  1 2 ) ,  The c ru d e  e t h a n o l  
e x t r a c t s  w ere  ta k e n  t o  d ry n e s s  i n  v a c u o , g e n e r a l l y  y i e l d i n g  
1 5 - 3 0  g  o f  s o l i d  m a t e r i a l  f o r  10 c u l tu r e  f l a s k s .
The r e s id u e  was w ashed  w ith  300 ml 95# e t h a n o l ,  g iv i n g  
a  d a r k ,  r e d d i s h - o r a n g e  s o l u t i o n .  The in s o lu b l e  m a t e r i a l  
w as d i s c a r d e d ,  and  th e  3 00  ml e t h a n o l - s o lu b l e  p o r t i o n  was 
a p p l i e d  t o  a n  a lu m in a  co lum n . M a te r i a l  e l u t e d  w i th  th e  i n ­
i t i a l  d e v e lo p in g  s o l v e n t ,  95#  m e th a n o l , was p a le  y e l lo w  and  
was d i s c a r d e d .  The e l u a t e  w ith  th e  s eco n d  s o l v e n t ,  80#  
m e th a n o l ,  was a  d a rk  y e l lo w  ( F r a c t io n  I I ) .  T h in  l a y e r  c h r o ­
m a to g ra p h y  o f  t h i s  f r a c t i o n  gave  th e  p a t t e r n  i n d i c a t e d  by
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F ig u r e  1 2 . TLC o f  V a r io u s  F r a c t io n s  i n  th e  I s o l a t i o n  P ro ­
c e d u re  o f  th e  E p i r o d in s .  1* C rude E th a n o l  E x ­
t r a c t  ■, 2 1 F r a c t i o n  I I ,  3« E p i r o d in  Mix (10  u l  
o f  a  1 .0  m g/m l s o l u t i o n ) .  S o lv e n t  S y stem  Con­
s i s t i n g  o f  A c e to n e iM e th a n o l ( 1 i 1 ) .  S o l id  L in e d  
A re a s  I n d i c a t e  P ig m e n ted  S p o ts i  S la s h e d  L in e s  
R e p r e s e n t  S t r e a k in g )  D o tte d  L in e s  I n d i c a t e  
F lu o r e s c e n t  S p o ts .
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No. 2 i n  P ig .  1 2 . The s o l u t i o n  gave  a  p o s i t i v e  r e a c t i o n  t o  
g l u c o s t a t  s p r a y  r e a g e n t ,  i n d i c a t i n g  th e  p re s e n c e  o f  g lu c o s e .  
F r a c t io n  I I  w as t a k e n  t o  d ry n e s s  i n  v a c u o , and  th e  r e s id u e  
d i s s o lv e d  in  a  minimum am ount o f  m e th a n o l ,  u s u a l l y  a b o u t 5 
m l, and a p p l ie d  t o  a  s i l i c i c  a c id  co lu m n . TLC o f  t h i s  band 
gave  a  n e g a t iv e  r e a c t i o n  when s p ra y e d  w i th  g l u c o s t a t  show ing  
th e  g lu c o s e  t o  h ave  b e e n  rem oved . Two y e l lo w -o ra n g e  s p o ts  
w ere v i s i b l e  w i th  Rp  v a l u e s  o f  0 .7 6  and  0 .4 2  on p l a t e s  by  EM 
R e a g e n ts . On E a stm a n  p l a t e s  s p o t s  w i th  Rp  v a lu e s  o f  0 .2 2  
and 0 .4 8  a r e  o b ta in e d  u s in g  th e  same s o l v e n t s .  E ach s p o t  
had  a  s m a l l  am ount o f  f l u o r e s c e n t  m a t e r i a l  t r a i l i n g  i t .  T h is  
f r a c t i o n  was d e s ig n a t e d  a s  e p i r o d i n  m ix . The in d i '  '.d u a l 
s p o ts  w ere i d e n t i f i e d  a s  e p i r o d i n  T f o r  th e  t o p  s p o t  and  e p i ­
r o d in  L f o r  th e  lo w e r  s p o t .
A f t e r  w o rk in g  w i th  th e  above c h ro m a to g ra p h ic  p ro c e d u re  
t o  th e  i s o l a t i o n  o f  e p i r o d i n  m ix f o r  some t im e ,  a  much s im ­
p l e r  p ro c e d u re  was d e v i s e d  by w h ich  g r e a t e r  y i e l d s  c o u ld  be 
i s o l a t e d  i n  a  much s h o r t e r  t im e  p e r i o d .  W hereas th e  p r o c e ­
d u re  u s in g  co lum ns t a k e s  a b o u t  10 d a y s  t o  c o m p le te , th e  a l ­
t e r n a t e  m ethod c a n  be  done i n  a  s i n g l e  d a y . I n  a  t y p i c a l  
i s o l a t i o n  u s in g  th e  o l d e r  p r o c e d u r e ,  from  1 9 .0  g o f  c ru d e  
e x t r a c t  c o u ld  be i s o l a t e d  540  mg o f  e p i r o d i n  m ix , o r  a  y i e l d  
o f  2 ,9 # .  W ith  th e  a l t e r n a t e  p r o c e d u r e ,  from  4 .5 0  g o f  c ru d e  
e x t r a c t  was i s o l a t e d  531  mg e p i r o d i n  m ix , o r  a  y i e l d  o f  
1 1 .8 # .  TLC and  th e  UV a b s o r p t i o n  s p e c tru m  showed th e  p u r i t y  
o f  t h i s  p r o d u c t  t o  be co m p a ra b le  t o  t h a t  from  th e  o ld e r  i s o ­
l a t i o n  p r o c e d u r e .  T h is  f o u r - f o l d  i n c r e a s e  i n  y i e l d  a lo n g
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w ith  th e  r e d u c t io n  i n  i s o l a t i o n  tim e  m akes th e  new i s o l a t i o n  
p ro c e d u re  h ig h l y  a d v a n ta g e o u s .
S e p a r a t io n  o f  th e  i n d i v i d u a l  e p i r o d in s  was a c c o m p lis h e d  
by  TLC, E ach  s p o t  w as s c r a p e d  o f f  th e  p l a t e  and  e l u t e d  w i th  
m e th a n o li  th e  s o l u t i o n s  w ere c e n t r i f u g e d ,  and  th e  s u p e r n a ­
t a n t s  w ere t a k e n  t o  d r y n e s s  i n  v ac u o  t o  g iv e  th e  i n d i v i d u a l  
com pounds, Rp v a lu e s  o f  th e  e p i r o d in s  w ere exam ined  i n  a  
v a r i e t y  o f  s o l v e n t  s y s te m s .  R e s u l t s  a r e  p r e s e n te d  i n  T a b le  
8 . The h ig h e s t  d e g re e  o f  r e s o l u t i o n  and  th e  l e a s t  am ount o f  
t a i l i n g  was o b ta in e d  w i th  a n  is o p r o p a n o l im e th a n o l  ( 1 11 ) s o l ­
v e n t  s y s te m .
A g a in s t  A. s a l i n a . e p i r o d i n  m ix was fo und  t o  be 100% l e ­
t h a l  a t  a  l e v e l  o f  1 ,0  m g/m l. When th e  c o n c e n t r a t i o n  was 
d ro p p ed  t o  0 .5  m g/m l, o n ly  38#  o f  th e  o rg a n ism s  d i e d .  The 
a c t i v i t y  o f  e p i r o d i n  a g a i n s t  B. s u b t i l i s  and  C. o v r e n o id o s a  
was ch e ck ed  a t  a  v a r i e t y  o f  c o n c e n t r a t i o n s  r a n g in g  from  1 -  
15 m g/m l. As c a n  be s e e n  i n  T a b le  9 and  P ig .  13» th e  b a c ­
te r iu m  was more s u s c e p t i b l e  th a n  th e  a l g a ,  and  th e  t o x i c i t y  
in c r e a s e d  a lm o s t  l i n e a r l y  w i th  c o n c e n t r a t i o n .  The a c t i v i t y  
o f  e p i r o d in  mix a g a i n s t  B . s u b t i l i s  was s l i g h t l y  lo w e r  th a n  
t h a t  r e p o r t e d  by  B u c k le y  (1 8 )  who fo u n d  t h a t  a  1 .0  m g/m l s o l ­
u t i o n  o f  e p i r o d i n  m ix p ro d u c e d  zo n e s  o f  i n h i b i t i o n  o f  4 .5  
mm, w h ile  3 mm z o n e s  w ere o b ta in e d  i n  t h i s  w ork . B u ck ley  
a l s o  showed e p i r o d i n  T t o  r e s u l t  i n  no  i n h i b i t i o n  o f  C. py ­
r e  n o id o s a  a t  1 .0  m g/m l w h ile  e p i r o d i n  L was c a p a b le  o f  p r o ­
d u c in g  a  2 mm z o n e . H is  r e s u l t s  a r e  c o n s i s t e n t  w i th  th o s e  
o b ta in e d  i n  t h i s  w ork  w here a  zone o f  1 -2  mm was p ro d u c e d
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TABLE 8 .
Rp V alu ea  f o r  th e  E p i r o d in s  i n  V a r io u s  S o lv e n t  S y s te m s . a
S o lv e n t  S ystem Rp E p i r o d in  T Rp E p i r o d in  L
M e th a n o l*e t h a n o l  
( 8 *2 )
0 .8 8 0 .7 9
M e th a n o l* ac e  to n e  
( 1 1 1 )
0 .9 2 0 .8 5
M e th a n o lia c e to n e ib e n z e n e  
( 4 i 4 i l )
0 . 8 8 0 .7 1
M e th a n o lia c e to n e ib e n z e n e  
( 2 12 11 )
0 .8 3 0 .4 5
M e th a n o lia c e to n e ib e n z e n e
( 1 t 2 i 2 )
0 ,2 8 0 .1 3
M e th a n o lia c e to n e ih e x a n e  
( 2 12 11 )
0 . 8  7 0 .6 3
M e th a n o l ia c e to n e i to lu e n e
( 2 i 2 i l )
0 .8 1 0 .4 4
M e th a n o l ia c e to n e ic a r b o n  t e t r a c h l o r i d e  0 .8 8
( 2 i 2 i l )
0 .5 6
M e th a n o l ia c e to n e ic h lo r o fo r m  
(2 1211 )
0 .8 7 0 .4 7
E th a n o l i a c e to n e ib e n z e n e  
(2 t 2 i l )
0 .5 6 0 . 1 0
I s o p ro p a n o lim e  th a n o l  
( 1 . 1 )
0 .7 6 0 .4 2
I s  o p ro p a n o lim e  t h a n o l t  be n ze  ne 
( 2 i 2 i l )
0 .6 5 0 .2 2
n - P r o p a n o l i a c e t o n e ip y r i d in e  
( I i l i 2 )
0 .4 7 0 .0 5
^ e n  u l  o f  a  1 . 0  mg/m l s o l u t i o n  o f  e p i r o d i n  mix i n  m e th a n o l 
a p p l i e d  i n  e a c h  s y s te m . 20  X 20 cm s i l i c a  g e l  p l a t e s  a c t i ­
v a t e d  a t  1 05°  f o r  30  m in u te s ,  s p o t t e d ,  and  d e v e lo p e d  t o  a  
h e i g h t  o f  15 cm.
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TABIE 9 .
A c t i v i t y  o f  E p i r o d in  Mix A g a in s t  £ .  s u b t i l i s  
and  C , p y r e n o id o s a .
C o n c e n t r a t i o n  o f  E p i r o d in  
(m g/m l)
A c t i v i t y  (mm)
B. s u b t i l i s  C . p y r e n o id o s a
1 3 o
3 4  0





^ o t a l  d ia m e te r  o f  i n h i b i t i o n  zone l e s s  d i s c  d ia m e te r*
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F ig u re  1 3 . D ose -  R esp o n se  C u rv e  f o r  th e  A c t i v i t y  o f  E p i ­
r o d in  Mix A g a in s t  A , B . s u b t i l i s . and  B , C. 
p y r e n o id o s a .
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by a 5 .0  mg/ml s o lu t io n  o f ep iro d in  mix a g a in s t  the a lg a .
D . S t a b i l i t y  o f  E p i r o d in .
The e f f e c t s  o f  s e v e r a l  p h y s i c a l  c o n d i t i o n s  on th e  s t a b ­
i l i t y  o f  e p i r o d i n  w ere s t u d i e d .  The e f f e c t  o f  c o n s t a n t  e x ­
p o s u re  t o  l i g h t  f o r  v a r i o u s  p e r io d s  o f  t im e  was exam ined  by 
f o l lo w in g  b o th  i t s  b i o l o g i c a l  a c t i v i t y  an d  i t s  a b s o rb a n c e  a t  
429 nm. The a b s o rb a n c e  o f  a  50 u g /m l s o l u t i o n  i n  e t h a n o l  was 
m e asu red  on a  d a i l y  b a s i s  w h ile  th e  a c t i v i t y  o f  a  10 mg/ml 
s o l u t i o n  i n  m e th a n o l was t e s t e d  p e r i o d i c a l l y  a g a i n s t  B. s u b ­
t i l i s . R e s u l t s  a r e  p r e s e n te d  i n  T a b le  10 and  i l l u s t r a t e d  i n  
P ig .  1 4 . O b s e rv a t io n s  showed t h a t  a s  th e  c o l o r  i n t e n s i t y  d e ­
c r e a s e d ,  s o  d id  th e  t o x i c i t y .  The s lo p e s  o f  th e  tw o c u rv e s  
a r e  v e r y  s i m i l a r  i n d i c a t i n g  t h a t  th e  a c t i v i t y  o f  e p i r o d i n  i s  
l i k e l y  t o  be a t  l e a s t  p a r t i a l l y  a s s o c i a t e d  w ith  th e  ch rom o- 
p h o r e ,  P i l i p i n ,  w h ich  h a s  a  p e n ta e n e  c h ro m o p h o re , i s  a l s o  
known t o  l o s e  i t s  b i o l o g i c a l  a c t i v i t y  upo n  p ro lo n g e d  e x p o s u re  
t o  l i g h t  ( 5 4 ) .  T in g s ta d  and  G a r r e t t  (5 5 )  c o r r e l a t e d  t h i s  lo s s  
i n  a c t i v i t y  w i th  th e  d ec a y  o f  th e  u l t r a v i o l e t  a b s o r p t i o n  due 
t o  th e  c h ro m o p h o re . R ic k a rd s  e t  a l .  ( 5 6 ) w ere a l s o  a b l e  t o  
d e m o n s t r a te  a  s i m i l a r  l o s s  o f  a c t i v i t y  w i th  d e c r e a s e d  a b s o r b ­
a n c e  w i th  l a g o s i n ,  a n o th e r  p e n ta e n e  com pound.
The e f f e c t  o f  s o lv e n t  on th e  s t a b i l i t y  o f  e p i r o d i n  mix 
was m o n i to re d  by  f o l lo w in g  b i o l o g i c a l  a c t i v i t y  a g a i n s t  B. 
s u b t i l i s  o f  10 mg/ml s o l u t i o n s  o f  e p i r o d i n  m ix i n  e t h a n o l ,  
m e th a n o l ,  and  w a te r .  As c a n  be s e e n  i n  T a b le  1 1 , th e  t o x i -
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TABLE 1 0 .
S t a b i l i t y  o f  E p i r o d in  M ix A g a in s t  L i g h t . a
L e n g th  o f  E x p o su re  
(d a y s )
A b so rb a n ce  (4 2 9  nm) 
(50  u g /m l)
A c t i v i t y  (mm) 
(1 0  m g/m l)
0 1 .1 9 -
1 1 .1 4 12
2 1 .0 0 9
3 0 .9 9 -
4 0 .8 8 -
5 - 5
6 0 .5 2 -
7 0 .4 3 -
8 0 .3 5 2
9 0 .3 0 -
11 0 .2 0 0
15 0 .1 8 -
17 0 .1 7
C o n s t a n t  e x p o s u re  t o  f l u o r e s c e n t  l i g h t i n g  (30w) a t  a  d i s ­
t a n c e  o f  tw o f e e t .
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• F ig u re  14 . E f f e c t  o f  C o n s ta n t  E x p o su re  t o  F lu o r e s c e n t  L ig h t  
on th e  S t a b i l i t y  o f  E p i r o d in  Mix a s  D e te rm in ed  
by  th e  A b so rb a n ce  a t  429  nm ( • )  and  by  th e  A c t i v ­
i t y  a g a i n s t  B . s u b t i l i s  (O ).


















1 . 2 - -
0 - -
.4  -  -
- - 2
L E N G T H  O F  E X P O S U R E  (D A Y S )












S t a b i l i t y  o f E pirodin in  V arious S o lv e n t s .
Time (d a y s ) A c t i v i t y  o f  10 m g/m l S o lu t i o n s  (mm)a
M eth an o l E th a n o l W a te r
0 10 9 12
1 9 9 11
2 9 7 10
7 10 7 6
12 9 5 5
17 9 3 2
^ o t a l  d ia m e te r  o f  i n h i b i t i o n  zone l e s s  d i s c  d ia m e t e r .
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c i t y  re m a in e d  f a i r l y  c o n s t a n t  i n  m e th a n o l b u t  s t e a d i l y  d e ­
c r e a s e d  i n  b o th  e t h a n o l  and  w a te r .
A b so rb a n ce  m e asu rem en ts  w ere u sed  t o  m easu re  s t a b i l i t y  
a t  v a r i o u s  pH l e v e l s .  A b so rb an ce  r e a d in g s  a t  ^20  nm o f  20 
u g /m l s o l u t i o n s  o f  e p i r o d i n  m ix i n  w a te r ,  0 ,0 1  N HC1, and 
0 ,0 1  N NaOH w ere ta k e n  o v e r  a  37 day  i n t e r v a l .  R e s u l t s  a r e  
p r e s e n t e d  i n  T a b le  12 and  P ig .  1 5 . I t  a p p e a r s  t h a t  b o th  
h ig h  and  low  pH v a lu e s  p ro d u ced  a  l a r g e r  i n i t i a l  d e c re a s e  
i n  a b s o rb a n c e  a s  com pared  w ith  w a te r .  H ow ever, w i th i n  one 
w eek , th e  r a t e s  o f  d e c re a s e  w ere s t a b i l i z e d  t o  th e  p o in t  w here 
th e y  w ere co m p arab le  i n  a l l  t h r e e  s y s te m s . A ls o  w o r th  n o t in g  
a r e  th e  d i f f e r e n c e s  i n  i n i t i a l  a b s o rb a n c e  r e a d i n g s  f o r  e a c h  
pH. The e p i r o d i n  m ix i s  h ig h ly  c o lo r e d  i n  a l k a l i n e  m ed ia  
w h ile  b e in g  much l e s s  s o  i n  a c i d .
E . C h a r a c t e r i z a t i o n  o f  E p i r o d i n i C l a s s i f i c a t i o n  T e s t s .
JL* S o l u b i l i t y  B e h a v io r . E p i r o d in  m ix w as fo u n d  t o  be 
s o lu b le  o n ly  t o  a  v e r y  s m a l l  e x t e n t  i n  w a te r ,  v i r t u a l l y  i n ­
s o lu b le  i n  a c i d ,  b u t  h ig h l y  s o lu b le  i n  b a s e .  I n  n o n - p o la r  
o r  s l i g h t l y  p o l a r  o rg a n ic  s o lv e n t s  su c h  a s  b e n z e n e ,  c a rb o n  
t e t r a c h l o r i d e ,  and  c h lo ro fo rm , e p i r o d i n  m ix was i n s o l u b l e .
I n  e t h y l  a c e t a t e ,  i t  was s l i g h t l y  s o l u b l e ,  w h e re a s  i n  a c e to n e  
and  e t h a n o l ,  i t  was v e r y  s o l u b l e ,  and  i n  m e th a n o l ,  th e  m ost 
s o l u b l e .  I t  a p p e a r s  t h a t  a  p o r t i o n  o f  th e  e p i r o d i n  m o lecu le  
m ust be h ig h l y  p o l a r  due t o  i t s  s o l u b i l i t y  i n  p o l a r  o rg a n ic  
s o l v e n t s .  Y e t a  se c o n d  p o r t i o n  m ust be n o n - p o la r  t o  a c c o u n t
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TABLE 12.
S t a b i l i t y  o f  E pirodin  a t  Various p H L ev e ls .
Time ( d a y s )
A b so rb an ce  a t  429  nm
0 .0 1  N HC1 W ater 0 .0 1  N NaOH
0 0 .3 8 4 0 .5 0 4 0 .7 9 0
1 0 .3 3 3 0 .5 0 9 0 .7 2 0
7 0 .1 9 2 0 .4 8 2 0 .6 8 0
14 0 .1 7 2 0 .4 3 7 0 .6 6 5
22 0 .1 3 2 0 .4 2 7 0 .6 5 8
29 0 .1 0 2 0 .4 2 2 0 .6 0 8
37 0 .0 0 0 0 .3 2 0 0 .4 3 5
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F ig u r e  1 5 . E f f e c t  o f  pH on th e  S t a b i l i t y  o f  E p i r o d in  Mix 
a s  M easured  by  th e  A b so rb a n ce  a t  429  nm. C urve 
A , i n  0 .1  N HC1; B, i n  D i s t i l l e d  W a te r t  C , i n  
0 .1  N NaOH.
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f o r  i t s  low  s o l u b i l i t y  i n  w a te r .  The h ig h  s o l u b i l i t y  ob­
s e r v e d  i n  aq u e o u s  s o l u t i o n s  a t  h ig h  pH com pared  t o  th e  low  
s o l u b i l i t y  a t  low  pH l e v e l s  i n d i c a t e s  th e  p re s e n c e  o f  a n  
a c i d i c  f u n c t i o n .  E p i r o d in  m ix was a l s o  s o lu b le  i n  d i l u t e  
( 5%t w /v ) sod ium  b ic a r b o n a te  s o l u t i o n .  A c c o rd in g  t o  S h r in e r  
e t  a l ,  ( 3 8 ) ,  o n ly  c a r b o x y l ic  a c i d s ,  s u l f o n i c  a c i d s ,  and  s u l -  
f i n i c  a c id s  a r e  s o lu b le  i n  t h i s  s o l v e n t .  Thus th e  ty p e  o f  
a c id  f u n c t io n  w hich  e p i r o d i n  may h ave i s  l i m i t e d .
O ro sh n ik  and  Mebane (2 3 ) r e p o r t e d  s i m i l a r  s o l u b i l i t y  
b e h a v io r  f o r  th e  p o ly e n e  a n t i f u n g a l  a n t i b i o t i c s .  "As a  g ro u p  
th e y  show v e r y  p o o r  s o l u b i l i t y  i n  th e  common o r g a n ic  s o lv e n t s  
and  i n  w a te r  b u t  c a n  be d i s s o lv e d  t o  a  v e r y  r e a s o n a b le  e x t e n t  
i n  v e r y  p o la r  s o lv e n t s  l i k e  p y r i d i n e ,  d im e th y lfo rm a m id e , and  
d im e th y l s u l f o x id e . Some, c o n t a in i n g  b a s i c  n i t r o g e n  f u n c t io n s  
o r  a c i d i c  g ro u p s ,  c a n  be d i s s o lv e d  i n  aq u e o u s  a c id  o r  a l k a ­
l i n e  m e d ia , r e s p e c t i v e l y . "  ( 2 3 ) .
2 ,  B rom ine i n  C a rb o n  T e t r a c h l o r id e  S o l u t i o n . As e p i ­
r o d in  i s  in s o lu b l e  i n  C C l^ , a  sam ple  o f  m ix was d i s s o lv e d  i n  
m e th a n o l ,  and  a  s o l u t i o n  o f  B r2 i n  C C l^ was added  d r o p w is e .
The d is a p p e a r a n c e  o f  th e  b rom ine  c o l o r  a lo n g  w ith  th e  l a c k  o f  
HBr p r o d u c t io n  in d i c a t e d  th e  p r e s e n c e  o f  a n  o l e f i n i c  o r  a c e t -  
y l e n i c  l i n k a g e  i n  e p i r o d i n .
2.. H vd roxv lam ine  H y d ro c h lo r id e  - F e r r i c  C h lo r id e  R e a c t io n . 
E p i r o d in  mix was fo u n d  t o  g iv e  a  p o s i t i v e  r e s p o n s e  t o  t h i s  
t e s t .  T h is  i n d i c a t e d  t h a t  e p i r o d i n  m ust c o n t a in  e i t h e r  an  
e s t e r ,  a  l a c t o n e ,  o r  a n  a ld e h y d e  g ro u p . H ow ever, f a i l u r e  t o
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o b ta in  a  p o s i t i v e  r e a c t i o n  t o  2 ,4 - d in i t r o p h e n y l h y d r a z in e  
s u g g e s te d  t h a t  t h e r e  w ere no a ld e h y d e  o r  k e to n e  g r o u p s .
4 .  P e r io d i c  A c id  T e s t . E p i r o d in  m ix was c a p a b le  o f  
r e a c t i n g  w i th  p e r i o d i c  a c id .  T h is  i n d i c a t e d  th e  p r e s e n c e  
o f  one o f  th e  fo llo w in g *  1 ,2  g l y c o l ,  ,^ - h y d r o x y a l d e h y d e , C X -  
h y d ro x y k e to n e , o r  a n  C \ -h y d ro x y  a c i d .  S in c e  th e  n e g a t iv e  
2 ,^ - d i n i t r o p h e n y lh y d r a z i n e  r e a c t i o n  p r e c lu d e d  th e  p r e s e n c e  
o f  b o th  th e  a ld e h y d e  and  k e to n e  g r o u p s ,  e p i r o d i n  m u s t be 
e i t h e r  a  1 ,2  g l y c o l  o r  a n  o f-h y d ro x y  a c i d .
P o ta s s iu m  P erm an g an a te  S o l u t i o n . A d d i t i o n  o f  e p i ­
r o d i n  t o  a  d i l u t e  (1 # , w /v ) p o ta s s iu m  p e rm a n g a n a te  s o l u t i o n  
r e s u l t e d  i n  im m ed ia te  d e c o l o r i z a t i o n  o f  th e  p e rm a n g a n a te  c o l o r .  
T h is  a lo n g  w i th  th e  d e c o l o r i z a t i o n  o f  B r2 c o n f i rm e d  th e  p r e ­
s e n c e  o f  e t h y l e n i c  o r  a c e t y l e n i c  l i n k a g e s .
6 .  T o i l e r s  R e a g e n t . E p i r o d in  was fo u n d  t o  be c a p a b le  
o f  r e d u c in g  T o l l e n 's  r e a g e n t ,  am m on iacal s i l v e r  n i t r a t e .  T h is  
i n d i c a t e d  t h a t  e p i r o d i n  i s  a  r e d u c in g  a g e n t ,  b u t  no  f u n c t i o n ­
a l  g ro u p  i s  s p e c i f i e d .  H ow ever, i t  i s  known (3 9 )  t h a t  p o ly ­
h y d ro x y  com pounds w i l l  re d u c e  s i l v e r  io n s  i n  a  s o l u t i o n  co n ­
t a i n i n g  s i lv e r - a m m o n ia  com plex  t o  m e t a l l i c  s i l v e r .  T h is  s u g ­
g e s t s  t h a t  e p i r o d i n  m ig h t be a  p o ly h y d ro x y  com pound. As h as  
b e e n  show n r e p e a t e d l y  ( 2 8 ) ,  th e  p o ly e n e  m a c ro l id e  a n t i b i o ­
t i c s  c o n t a i n  many h y d ro x y l  g ro u p s  p e r  m o le c u le .  F o r  e x a m p le , 
a m p h o te r i c in  B h a s  e i g h t  w h ile  DJ^OOB c o n t a i n s  e l e v e n  o f  
th e m .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
91
F. Sp ectroscop ic  S tu d ies on E p iro d in .
! •  I n f r a r e d  A n a ly s i s . An IR s p e c t ru m  was o b ta in e d  on 
a  s o l i d  sam p le  o f  e p i r o d i n  m ix . The s p e c t ru m  i s  shown i n  P ig .  
16 an d  band  a s s ig n m e n ts  a r e  p r e s e n t e d  i n  T a b le  1 3 . The p r e ­
s e n c e  o f  a l c o h o l  i s  in d i c a t e d  by  b o th  th e  b ro a d  0-H s t r e t c h ­
in g  band  a t  3 4 0 0 -3 2 0 0  cm"1 and  th e  C-OH s t r e t c h i n g  b an d s  a t  
1060 and  1030 cm"1 . S ym m etric  and  a s s y m e t r ic  s t r e t c h i n g  o f  
m e th y l and  m e th y le n e  g ro u p s  a r e  r e f l e c t e d  i n  th e  p e a k s  a t  
29 6 0 , 2 9 2 5 1 and  2850 cm"1 . The b e n d in g  v i b r a t i o n s  o f  th e  
m e th y l g ro u p s  a p p e a r  a t  1460 and  1375 cm "1 , and  (CH2 )n ro c k ­
in g  r e s u l t s  i n  th e  band  a t  725 cm "1 . The s t r o n g  p ea k  a t  
1720 cm"1 i s  i n d i c a t i v e  o f  a  c a rb o n y l  f u n c t i o n ,  s p e c i f i c a l l y  
a s  a n  e s t e r  c a rb o n y l  i n  c o n ju g a t i o n  w i th  a n  a l k e n e .  The 
som ew hat b ro a d  band a t  1610 -1570  cm "1 r e f l e c t s  th e  C=C s t r e t o l l ­
in g  o f  a  p o ly e n e  w h ile  t h a t  a t  950  cm "1 r e f l e c t s  th e  CH b en d ­
in g  o f  t h i s  g ro u p . T hose p e a k s  a t  1260 an d  1110 cm"1 r e s u l t  
fro m  a s s y m e t r ic  and sy m m e tric  C -0-C  s t r e t c h i n g  o f  an  e s t e r  
g r o u p .
Thus th e  IR sp e c tru m  i n d i c a t e s  t h a t  e p i r o d i n  m ix c o n ­
t a i n s  m e th y l and  m e th y le n e  g r o u p s ,  s e v e r a l  c o n ju g a te d  u n s a t ­
u r a t e d  f u n c t i o n s ,  one o f  w h ich  i s  c o n ju g a te d  w i th  a n  e s t e r ,  
an d  s e v e r a l  a l c o h o l i c  g ro u p s .  T h is  i s  c o n s i s t e n t  w i th  th e  
i n t e r p r e t a t i o n  o f  th e  s p e c tru m  o b ta in e d  by  B u ck ley  (1 8 )  u s in g  
a  KBr p e l l e t .  He r e p o r t e d  t h a t  u n s a t u r a t i o n ,  th e  p r e s e n c e  o f  
a n  -OH and  p o s s i b ly  a  C=0 w ere i n d i c a t e d  b y  th e  s p e c t ru m .
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F ig u re  1 6 . I n f r a r e d  S p ec tru m  o f  E p i r o d in  M ix.
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TABLE 13 .
A ss ig n m e n ts  f o r  th e  A b s o rp t io n  B ands O b se rv ed  i n  th e  
I n f r a r e d  S p ec tru m  o f  E p i r o d in  M ix .
A b s o r p t io n  Band 
(c m ~ i)
A ss ig n m en t F u n c t i o n a l  G roup
3 4 0 0 -3 2 0 0 0-H s t r e t c h i n g p o ly m e r ic ,  in te rm o le c -  
u l a r  H -bonded a lc o h o ls
2960 a s  3
2925 a s  CH2
2850 s CH2
1720 C=0 -c=c-co-o-
1 6 10 -1570 c=c p o ly e n e
1470 CH2 s c i s s o r
1460 a s  °« 3
13 75 s  c h 3
1260 a s  c - ° - ° e s t e r
1110 s  ° - ° - c e s t e r
1 0 6 0 ,1 0 3 0 C -0 s t r e t c h i n g a l c o h o l s
950 CH ( o u t - o f -  
p la n e  )
p o ly e n e
725 (CH2 )n  ro c k in g
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2 . Maas S p e c tru m . E p i r o d in  was fo u n d  t o  be n o n - v o l a t i l e  
i n  th e  m ass s p e c t r o m e te r  so  th e  t r i m e t h y l s i l y l  (TMS) e t h e r  
d e r i v a t i v e  was p r e p a r e d .  T h in  l a y e r  c h ro m a to g ra p h y  o f  th e  
d e r i v a t i v e  a lo n g  w ith  a  sam ple  o f  e p i r o d i n  mix i s  i l l u s t r a ­
t e d  i n  F ig ,  1 7 . I n  th e  s o lv e n t  sy s te m  u s e d ,  i s o p r o p a n o l -  
m e th a n o l ( l t l ) »  th e  d e r i v a t i v e  had  a  g r e a t e r  Rp  v a l u e ,  and 
c h ro m a to g ra p h e d  a s  a  s i n g l e  s p o t  r a t h e r  th a n  a s  tw o s p o ts  
l i k e  e p i r o d i n  m ix . T h e re  w ere a l s o  tw o f a i n t  s p o t s  c o r r e s ­
p o n d in g  t o  th e  e p i r o d i n s .  T hese r e f l e c t  a  s m a l l  am ount o f  
u n r e a c te d  m a t e r i a l .
The m ass s p e c tru m  o f  th e  TMS d e r i v a t i v e  was o b ta in e d  
w i th  th e  i n l e t  te m p e r a tu r e  s e t  a t  2 0 0 °  an d  th e  cham ber h e a t e r  
a t  2 5 0 ° . The b a c k g ro u n d  p r e s s u r e  was 8 X 10“ ^ mm. Upon 
i n t r o d u c t i o n  o f  th e  sa m p le , th e  p r e s s u r e  r o s e  t o  2 X 10“^ 
mm. A l a r g e  num ber o f  p e a k s  was o b ta in e d ,  m ost o f  w h ich  
w ere  a t  lo w e r  m ass v a l u e s .  The lo w e r  p o r t i o n  o f  th e  s p e c ­
tru m  i s  shown i n  F ig .  18 .
I n  196^ G o ld in g  e t  a l .  (5 7 )  p r e s e n t e d  a  p a p e r  d e s c r i b ­
in g  th e  a p p l i c a t i o n  o f  TMS e t h e r  d e r i v a t i v e s  f o r  th e  d e t e r ­
m in a t io n  o f  p o ly o l s  by  m ass s p e c t r o m e t r y .  I n  i t  th e y  s t a t e i  
"The h ig h  m ass r e g io n s  o f  th e  s p e c t r a . . . . . . a r e  d o m in a te d  by
g ro u p s  o f  i s o to p e  p e a k s ,  s e p a r a t e d  by  m u l t i p l e s  o f  90  m ass 
u n i t s  from  th e  m o le c u la r  io n  and c o r r e s p o n d in g  t o  s u c e s s iv e  
e l i m i n a t i o n s  o f  n e u t r a l  t r i m e t h y l s i l a n o l  u n i t s . "  T h is  was 
n o t  o b s e rv e d  i n  th e  s p e c tru m  o f  th e  TMS e t h e r  d e r i v a t i v e  o f  
e p i r o d i n  m ix .
The h ig h  m ass p e a k s  f o r  th e  unknown w ere a s s ig n e d  v a lu e s
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F ig u re  1 7 . TLC o f  E p i r o d in  Mix (1 )  and  th e  T r i m e t h y l s i l y l  
E t h e r  D e r iv a t iv e  o f  E p i r o d in  Mix ( 2 ) .  S o lv e n t  
S y stem  o f  I s o p ro p a n o liM e th a n o l  ( 1 » 1 ) .
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F ig u r e  1 8 . Low er P o r t i o n  o f  th e  Mass S p ec tru m  o f  th e  T r i -  
m e t h y l s i l y l  E t h e r  D e r iv a t iv e  o f  E p i r o d in  M ix.
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b y  c o m p a r is o n  w i th  a  r e f e r e n c e  com pound, T r i s - ( p e r f l u o r o -  
h e p t y l ) - s - t r i a z i n e  (PCR, I n c . ,  R e s e a rc h  C h em ica l D i v i s i o n ,  
G a i n e s v i l l e , F l a , ) The d o m in an t p ea k s  i n  th e  s p e c t ru m  o f  
th e  r e f e r e n c e  com pound w ere m easu red  w ith  r e s p e c t  t o  th e  d i s ­
t a n c e  fro m  m /e o f  28 f o r  Ng. Thus m / e ~ l k 6  c o r re s p o n d e d  t o  
3 .1  cm, m /e= 2 95 t o  7 .0  cm, and  m /e=1108 t o  3 4 .5  cm. The v a l ­
u e s  w ere p l o t t e d  on lo g - l o g  p a p e r  (F ig .  19)»  and  th e  g r a p h  
was u se d  t o  c a l c u l a t e  m /e v a lu e s  f o r  th e  e p i r o d in  d e r i v a t i v e .  
The h i g h e s t  m ass p e a k  w as 4 8 .5  cm from  Ng c o r r e s p o n d in g  t o  
m /e * l6 0 0 . The n e x t  f a r t h e s t  p ea k  was a t  2 1 .4  cm i n d i c a t i n g  
m /e= 800 . I t  w ou ld  seem  th e n  t h a t  m /e= l600  r e p r e s e n t s  th e  i n ­
t a c t  T M S -e th e r d e r i v a t i v e  o f  e p i r o d i n .  Once th e  t r i m e t h y l -  
s i l y l  g ro u p s  s t a r t e d  com ing  o f f ,  th e y  seem ed t o  do  s o  v e r y  
r a p i d l y  a n d  th e  p e a k s  c o r r e s p o n d in g  t o  th e  s u c e s s iv e  e l i m i n ­
a t i o n s  w ere  n o t  o b s e rv e d .  The n e x t  peak  a t  800 p r o b a b ly  c o r ­
r e s p o n d s  t o  e p i r o d i n  m ix w i th o u t  an y  o f  th e  TMS-0H g r o u p s .  
U sin g  th e s e  v a l u e s ,  th e  num ber o f  -OH g ro u p s  on e p i r o d i n  and 
th e  m o le c u la r  w e ig h t  o f  th e  compound w ere e s t i m a t e d .  I f  x 
i s  th e  num ber o f  -OH g ro u p s  on e p i r o d i n ,  th e n  l6 0 0 -9 0 x  = 800 
(w here 90  i s  th e  w e ig h t  o f  a  n e u t r a l  t r i m e t h y l s i l a n o l  u n i t ) ,  
and  x  = 9 .  T hus t h e r e  a p p e a r  t o  be n in e  h y d ro x y l g r o u p s  on 
e p i r o d i n .  I f  800 i s  t h e  w e ig h t o f  e p i r o d in  w i th o u t  t h e s e  
g r o u p s ,  th e n  th e  m o le c u la r  w e ig h t o f  e p i r o d in  w ould  be  800+ 
9 (1 7 )  = 953 g .
2» N u c le a r  M a g n e tic  R e so n a n c e . An NMR s p e c tru m  o f  e p i ­
r o d i n  m ix i n  DMS0-dg i s  shown i n  F ig .  2 0 . O th e r  th a n  th e
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F ig u r e  1 9 . G raph  o f  Log m/e v s .  Log (D is ta n c e  from  m /e = 28 
f o r  N2 ) .  C lo s e d  c i r c l e s  d e n o te  v a lu e s  f o r  th e  
r e f e r e n c e  compound and open c i r c l e s ,  th e  TMS- 
e t h e r  d e r i v a t i v e  o f  e p i r o d in  m ix .
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F ig u re  2 0 , N u c le a r  M a g n e tic  R esonance  S p ec tru m  o f  E p i r o d in  
M ix.
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b ro a d  p ea k  a t  &  = 3 .3 - 3 .4 ,  th e  s p e c tru m  i s  i d e n t i c a l  t o  t h a t  
o b ta in e d  by  B u c k le y  ( 1 8 ) ,  The d i f f e r e n c e  i s  p r o b a b ly  due t o  
t o  w a te r  i n  t h e  s o lv e n t  u s e d .  DMSO i s  v e r y  h y d r o s c o p ic  w h ile  
th e  CD^QD u s e d  by  B u ck ley  i s  n o t .  I n  r e p e a te d  ru n s  i n  DMSO- 
d g , th e  s i z e  o f  t h i s  p ea k  v a r i e d  w i th  r e l a t i o n  t o  th e  o th e r  
p e a k s  i n d i c a t i n g  t h a t  i t  was in d e e d  due t o  c o n ta m in a t io n .
The NMR s p e c t ru m  o f  e p i r o d i n  mix i s  d i f f i c u l t  t o  i n t e r ­
p r e t .  The t r i p l e t  a t  6 =  0 .9 6  ppm on th e  s u r f a c e  i n d i c a t e s  
m e th y l p r o to n s  o f  -CH^CH^ g r o u p in g s .  H ow ever, i t  may be due 
t o  a  ch a n ce  c o m b in a t io n  o f  d o u b le t s  due t o  -CH-CH^ g ro u p s .
The p ea k  a t  6  = 1 .3 2  ppm i s  a s s ig n e d  t o  a l i p h a t i c  h y d ro g e n s , 
and  t h a t  a t  6  - 2 .5 8  ppm t o  th e  DMSO s o l v e n t .  The d o u b le t  
a t  £  = 4 .2 9  ppm i n d i c a t e s  h y d ro x y l p r o to n s .  The s i n g l e t  a t  
6 = 8 .7  ppm c a n n o t  be e x p la in e d  a s  i t  r e f l e c t s  a r o m a t ic  h y ­
d ro g e n s  w h ich  th e  UV s p e c tru m  show s t o  be a b s e n t .  The ro u n d ed  
m u l t i p l e t  a t  6 = 6 .4 5  ppm in d i c a t e s  o l e f i n i c  p r o to n s .  I t  d o es  
n o t  a p p e a r  t h a t  th e  d i f f i c u l t  t o  i n t e r p r e t  p e a k s  a r e  due t o  
s o lv e n t  c o n ta m in a t io n  s in c e  s i m i l a r  ones w ere o b ta in e d  by 
B u ck ley  (1 8 )  u s in g  a  d i f f e r e n t  s o l v e n t .
4 .  U V -V is ib le  A b s o r p t io n  S p e c tru m . The U V -v is ib le  a b ­
s o r p t i o n  s p e c t ru m  o f  a  10 u g /m l s o l u t i o n  o f  e p i r o d i n  m ix in  
9596 e t h a n o l  fro m  750 t o  220 nm i s  shown i n  F ig .  2 1 . T h e re  
w as a  s i n g l e  b r o a d  p e a k  a t  429 nm w ith  s h o u ld e r s  on e i t h e r  
s i d e ,  and  a  s m a l l e r  p ea k  a t  217 nm. The same s p e c tru m  was 
o b ta in e d  b y  b o th  B u ck ley  (1 8 )  and B urge (1 2 )  i n  t h e i r  w ork 
w i th  e p i r o d i n .
The IR s p e c t ru m  had  shown t h a t  e p i r o d i n  m ost l i k e l y  d id
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n o t  c o n t a in  an y  a r o m a t ic  m o ie ty .  T h is  was c o n firm e d  i n  th e  
UV by  th e  t r a n s p a r e n t  r e g i o n  from  180 t o  290  w here b en z en e  
and  i t s  p o ly n u c le a r  com pounds su c h  a s  a n th r a c e n e  and  n a p h ­
th a le n e  u s u a l l y  a b s o rb  s t r o n g l y .
E p i r o d in  a b s o rb s  a t  a  r e l a t i v e l y  lo n g  w a v e le n g th .  The 
p r e s e n c e  o f  u n s a t u r a t i o n  show n by  th e  c h a r a c t e r i z a t i o n  t e s t s  
s u g g e s ts  t h a t  t h i s  may fo rm  p a r t  o f  th e  e p i r o d i n  ch ro m o p h o re . 
The p r e s e n c e  o f  u n s a t u r a t i o n  i n  a  m o le c u le  d o e s  c a u se  a b s o r p ­
t i o n  t o  o c c u r  a t  l o n g e r  w a v e le n g th s .  I f  th e  u n s a t u r a t i o n  i s  
i n  th e  fo rm  o f  d o u b le  b o n d s  and  th e y  a r e  c o n ju g a te d ,  th e  
b a th o c h ro m ic  s h i f t  i n c r e a s e s  a s  a n  a d d i t i v e  f u n c t i o n .  As 
H a m i l to n -M il le r  (2 8 )  d i s c u s s e s ,  i f  th e  a b s o r p t i o n  maxima a r e  
s h i f t e d  e n o u g h , th e  com pounds in v o lv e d  w i l l  be v i s i b l y  c o l ­
o re d  a s  c a n  be s e e n  b y  in s p e c t i n g  v a r i o u s  p o ly e n e  com pounds. 
T r ie n e  m o le c u le s  a r e  c o l o r l e s s  o r  a  v e ry  p a l e  y e l lo w i t e t r a -  
e n e s  su ch  a s  th e  p o ly e n e  a n t i b i o t i c s ,  n y s t a t i n  and p im a r i c in ,  
a r e  p a le  y e l lo w i p e n ta e n e s  l i k e  f i l i p i n  a r e  a  d e f i n i t e  y e l -  
lo w i and  h e p ta e n e s  l i k e  a m p h o te r i c in  B a r e  d e f i n i t e l y  o ra n g e .  
A p o ly e n e  s t r u c t u r e  f o r  th e  chrom ophore  o f  e p i r o d in  w ould 
be c o n s i s t e n t  w ith  th e  c h a r a c t e r i z a t i o n  t e s t s  f o r  th e  com­
p o und . The compound i s  b r i g h t  o ra n g e ,  and  was shown t o  be 
u n s a tu r a t e d  by  b o th  B rg  a d d i t i o n  and  KMnO  ^ o x id a t io n .  Such 
a  p ro p o se d  s t r u c t u r e  i s  i n  m arked  c o n t r a s t  t o  th e  h y d ro x y -  
q u in o n e  s t r u c t u r e  s u g g e s te d  b y  B u c k le y  ( 1 8 ) .  He a t t r i b u t e d  
th e  s t r o n g  v i s i b l e  a b s o r p t i o n  o f  th e  e p i r o d in s  t o  i m p u r i t i e s .  
As w i l l  be d e m o n s tra te d  l a t e r ,  h y d ro g e n a t io n  o f  e p i r o d i n  r e ­
s u l t e d  i n  d e s t r u c t i o n  o f  th e  ch ro m o p h o re . T h is  p r e s e n t s  a d ­
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d i t i o n a l  s o l i d  e v id e n c e  t h a t  u n s a t u r a t i o n  p la y s  a  m a jo r  r o l e  
i n  th e  ch rom ophore  s t r u c t u r e  o f  e p i r o d i n .
O ro sh n ik  and Mebane (2 3 )  r e p o r t  t h a t  th e  UV s p e c t r a  o f  
p o ly e n e  a n t i b i o t i c s  a l l  have th e  same s h a p e , and  t h a t  th e y  
d i f f e r  o n ly  i n  w a v e le n g th . I t  i s  a l s o  a  c h a r a c t e r i s t i c  t h a t  
th e  m a in  a b s o r p t i o n  band  i s  r e s o lv e d  i n t o  f o u r  o r  f i v e  s h a rp  
p e a k s .  R e p r e s e n ta t i v e  s p e c t r a  a r e  i l l u s t r a t e d  i n  F ig  2 2 .
The p e n ta e n e  fu n g ic h ro m in  and  th e  h e p ta e n e  c a n d id in  have 
s p e c t r a  t h a t  a r e  v i r t u a l l y  i d e n t i c a l  i n  s h a p e .  H ow ever, t h e i r  
maxima d i f f e r  by  a  s h i f t  o f  60 nm f o r  e a c h  p e a k . O ro sh n ik  
and Mebane (2 3 )  go  on t o  s a y  i n  t h e i r  d i s c u s s i o n  t h a t  a  c a r ­
b o n y l  g ro u p  i n  c o n ju g a t io n  w ith  a  p o ly e n e  s y s te m  a lw a y s  "d e ­
g r a d e s "  th e  s p e c t r a l  f i n e  s t r u c t u r e .  I n  p o ly e n e  k e to n e s  o r  
s h o r t - c h a i n  p o ly e n e  a c id s  and  e s t e r s ,  th e  f i n e  s t r u c t u r e  i s  
c o m p le te ly  o b l i t e r a t e d .  I n  p o ly e n e  a c id s  o r  e s t e r s  c o n t a in ­
in g  f i v e  o r  more d o u b le  b o n d s , th e  d e g r a d a t io n  i s  l e s s  d r a s t i c .  
E p i r o d in  was shown t o  c o n t a in  a n  e s t e r  f u n c t i o n  by  i t s  p o s ­
i t i v e  r e a c t i o n  t o  th e  h y d ro x y la m in e  h y d r o c h lo r id e  -  f e r r i c  
c h l o r id e  t e s t .  Thus i t  a p p e a r s  t h a t  th e  ch rom ophore  o f  e p i ­
r o d in  i s  c o n s i s t e n t  w ith  a n  e s t e r  o r  l a c to n e  f u n c t i o n  in  co n ­
ju g a t i o n  w i th  a  p o ly e n e  s y s te m . Such  a  ch rom ophore  w ould 
n o t  p ro d u c e  th e  s e r i e s  o f  s h a r p  p e a k s  c h a r a c t e r i s t i c  o f  th e  
u s u a l  p o ly e n e s .  I n s t e a d ,  th e  b ro a d  ban d  w i th  s h o u ld e r s  on 
e i t h e r  s id e  su c h  a s  i s  o b s e rv e d  w i th  e p i r o d i n  w ould  be e x ­
p e c te d .
A c c o rd in g  t o  N ie l s e n  (5 8 )  th e  b a s i c  a b s o r p t i o n  maxima 
v a lu e  f o r  a c id s  and e s t e r s  w i th  OC and  A  s u b s t i t u e n t s  i s
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F ig u re  2 2 . R e p r e s e n ta t i v e  S p e c t r a  o f  P o ly en e  A n t i b i o t i c s !
T e t r a e n e s ,  P e n ta e n e s , H e x a e n e s , and  H ep ta en es  
(23).
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T c t r a e n e s Pe nt a c  nes
—  P A  -1 6 6 PA-  153
U n j m v c i n F u n g i c l i r o m i n
Nr v s t a t  i n
Kip. i. Representative ultraviolet spectra of polyene antifuneal antibiotics: tetracnes andpvnlacnes (Corrected to 95% ethanol except for nystatin
He  p t a e  ne  sH c x a e n e s
  F l a v a c i d
  C r v p t o c i d i
 E n d  o i nyc  i n
 ' C a n d  i d  i n
A s c  o s i  n
l-'i* a. Representative ultraviolet spectra of polyene antifunsal antibiotlca: heiaencs and hepUtne*. (Corrected to 95% ethane): see Tables 4, J, 9,10.)
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217 nm in ethanolie solution. Woodward (59*60) reports that 
the wavelength is  shifted 30 nm higher for each -ene in con­
jugation. I f  the chromophore of epirodin is  indeed an ester 
or lactone in conjugation with a polyene system, then the 
429 -  217 nm or 212 nm sh ift in maximum can be attributed 
to a polyene segment. At 30 nm per double bond, epirodin 
would contain 212/30 dr 7.06 double bonds in conjugation.
The extinction coefficient of epirodin was calculated 
using a 10 ug/ml solution of epirodin mix in ethanol. (Pig. 
21). By Beer's Law, A * abc where A is  the absorbancei a, 
the absorptivityi b, the path length in cmi and c, the con­
centration in g / l i te r .  For a 10 ug/ml solution, the absor­
bance was 0.505, giving a value of 5.05 X 101 for a. The mo­
la r  absorptivity, e * a(MW), was then calculated using the 
molecular weight of 953 g obtained by mass spectroscopy. In 
th is manner i t  was calculated to be 4.812 X 10  ^ or log e 3 
4.682. Regarding the molar absorptivity of the polyene an ti­
b io tics, Hamilton-Miller (28) sta tes that regression analyses 
of observed mean e values show that e * N X 21,000, where N 
is the number of double bonds. Por seven bonds, i t  works 
out to 1.47 X 10-* with log e * 5.168. However, they report 
that when the chromophoric polyene system is  conjugated with 
a lactone carbonyl, there is  a substantial decrease in e.
This is  consistent with the proposed chromophore for epirodin.
£. UY-Visible Spectra of the Individual Epirodins. The 
individual epirodins were resolved by TLC on s i l ic ic  acid 
plates with isopropanolimethanol ( l i l ) .  The epirodins were
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•luted off the s ilic a , dried £n vacuo, and redissolved in 
ethanol to  give the spectra shown in Fig. 23. The two com­
pounds appear to have the same chromophore. Considerably 
more of the lower Rp compound was present than the higher 
one. The same distribution had been observed by Buckley (18).
b. Effect of Solvent and pH. Spectra were obtained on 
solutions of epirodin mix in acid ic, basic, and neutral me­
dia (Fig. 24) • In alkaline solution the same spectrum was 
obtained as in 95% ethanol. In d is tille d  water, the spectrum 
remained essentially  unchanged, but the intensity  decreased 
sligh tly . In 0.1 N aqueous HC1 the spectrum is almost com­
pletely degenerated. The peak flattened out and shifted to 
a slightly  shorter wavelength (400 nm) and the intensity was 
markedly decreased.
Oroshnik and Mebane (23) report that th is  "spectral de­
gradation" is  characteristic of polyene antifungal antibio­
tic s . I t  has been observed in  the spectra of trichomycin 
and candicidin as well as candidin and amphotericin B. They 
state that i t  is  "not a change in  the chromophore but in i t s  
physical environmenti the polyene molecules, inadequately 
solvated, are associating with each other in clusters of two 
or more, tending toward micelle formation or colloidal d is­
persion". Addition of a more powerful solvent such as alco­
hol restores the normal spectrum. The spectrum of epirodin 
mix in 0.05 N HC1 in 50f ethanol is  shown in Fig. 25. I t  is  
completely regenerated. This proves that i t  is  different phy­
sica l conditions that are responsible for the changes observed
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F ig u re  2 3 . U V -V is ib le  A b s o r p t io n  S p e c t r a  o f  th e  I n d iv i d u a l  
E p i r o d in s .  1 ,  E p i r o d in  Li 2 ,  E p i r o d in  T.
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F ig u re  2 k .  U V -V is ib le  A b s o rp t io n  S p e c t r a  o f  E p i r o d in  Mix 
a t  V a r io u s  pH L e v e ls .  1 , i n  0 .1  N NaOHi 2 ,  i n  
D i s t i l l e d  W a te r i 3 .  i n  0 .1  N HC1.
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F ig u re  2 5 . U V -V is ib le  A b s o rp t io n  S p e c t r a  o f  a  10 u g /m l S o l ­
u t i o n  o f  E p i r o d in  Mix U nder A c id ic  C o n d i t io n s .
1 , i n  0 .0 5  N A queous HC1| 2 ,  i n  0 .0 5  N HC1 in  
50% E th a n o l .
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i n  th e  s p e c t r u m , and  n o t  th e  pH p e r  s e . B u ck ley  (1 8 $  had  
p ro p o s e d  t h a t  th e  d i f f e r e n c e s  i n  th e  s p e c t r a  i n  a c i d i c  and  
i n  b a s i c  aq u e o u s  m ed ia  w ere  due t o  d i f f e r e n c e s  i n  i o n i z a ­
t i o n  s t a t e s  o f  a  h y d ro x y a n th ra q u in o n e  s t r u c t u r e  i n  th e  e p i ­
r o d i n  m o le c u le .  T h is  p r o b a b ly  i s  n o t th e  c a s e  s in c e  th e  
s p e c t ru m  o f  e p i r o d i n  i s  n o t  d e g ra d e d  i n  e t h a n o l i c  a c i d i c  
s o l u t i o n .  I n s t e a d ,  i t  a p p e a r s  t h a t ,  a s  i s  th e  c a s e  f o r  th e  
p o ly e n e  a n t i b i o t i c s ,  th e  d e g r a d a t io n  i s  s im p ly  th e  r e s u l t  
o f  d e c r e a s e d  s o l u b i l i t y .
c .  P h o t o s e n s i t i v i t y  i n  th e  P re s e n c e  o f  I 2 C a t a l y s t .  
P h o t o s e n s i t i v i t y  d ep e n d s  b o th  on s t r u c t u r e  and  c o n f i g u r a t i o n .  
F o r  c o n ju g a te d  s y s te m s  i n  s o l u t i o n s  ex p o sed  t o  i n t e n s e  s u n ­
l i g h t ,  p h o to s t e r e o i s o m e r i z a t io n  u s u a l l y  co m p etes  w i th  i r r e v ­
e r s i b l e  s id e  r e a c t i o n s  i n  w h ich  p a r t i a l  c le a v a g e  t o  c o l o r l e s s  
( f l u r o e s c e n t ) com pounds o c c u r s .  The s t e r e o i s o m e r i z a t i o n  
p r o c e s s  u s u a l l y  in v o lv e s  c i s - t r a n s  i n t e r c o n v e r s i o n s .  T hese  
p r o c e s s e s  a r e  s p o n ta n e o u s  a t  room te m p e r a tu r e .  A lth o u g h  t y p ­
i c a l l y  s lo w , t h e s e  r a t e s  c a n  be in c r e a s e d  by  c h a n g in g  th e  s o l ­
v e n t ,  t e m p e r a t u r e ,  o r  o th e r  p h y s ic a l  f a c t o r s .
One o f  th e  m o st e f f e c t i v e  m eans o f  p ro d u c in g  t r a n s - c i s  
r e a r r a n g e m e n ts  i s  by  Ig  c a t a l y s i s  i n  th e  l i g h t .  The c o n v e r ­
s i o n  i s  r a p i d ,  and  th e  fo r m a t io n  o f  a  m ix tu re  o f  c i s - t r a n s  
i s o m e r s  fro m  a n  a l l - t r a n s  compound c a n  be s e e n  v i s u a l l y  by 
th e  d e c r e a s e  i n  c o l o r  i n t e n s i t y .  Z e c h m e is te r  (4 0 )  r e p o r t s  
t h a t  i t  i s  c h a r a c t e r i s t i c  o f  c a ro t e n o id s  and  o th e r  c o n ju g a ­
t e d  d o u b le  bond  s y s te m s , t h a t  upon e x p o s u re  t o  f l u o r e s c e n t  
l i g h t  i n  th e  p r e s e n c e  o f  a n  I 2 c a t a l y s t ,  t r a n s - c i s  r e a r r a n g s  -
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ments occur resulting in sh ifts  to lower wavelengths. Me 
says that polyenes can be readily characterized simply by 
recording the UV-visible spectrum before and a fte r  catalysis 
by iodine.
Iodine catalysis is  influenced by several physical fac­
to rs among which are the pigment/iodine ra tio  and the mode 
and duration of illumination. Thus a series of epirodin mix 
and iodine solutions containing 10 ug/ml and 2 ug/ml, respec­
tive ly , in 95% ethanol were exposed to ligh t under identical 
conditions but for varying exposure times. Immediately a fte r 
the illumination period, the spectra were recorded (Fig. 26). 
According to Zechmeister (40), "during an a l l -trana to cis 
rearrangement, the spectral curve is  altered as follows in 
the v isib le regions the extinction value and the degree of 
fine structure decreases while the maxima migrate to shorter 
wavelengths". Such was the case observed with epirodin mix. 
Addition of Ig with no exposure to ligh t caused no change in 
in the absorption spectrum. However, as the duration of ligh t 
exposure inoreased, the bands shifted toward shorter wave­
lengths while becoming broader and less intense. At 45 and 
60 minutes the same spectra were obtained indicating that 
the trans-cis stereoisomers were in equilibrium with each 
other. Also, the fact that no peaks appeared a t longer wave­
lengths than were present before stereoisomerization indicated 
that epirodin mix exists in an a l l -trans configuration in i t s  
natural s ta te .
The  I g - c a t a l y z e d  s t e r e o is o m e r iz a t io n  o f  e p i r o d in  was a ls o
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ex a m in ed  u s in g  p e t ro le u m  e t h e r  a s  s o l v e n t .  The e x t e n t  o f  
t r a n s - c i s  r e a r r a n g e m e n t was f a r  l e s s  ( F ig .  2 7 ) i n d i c a t i n g  
th e  a l l - t r a n s  c o n f i g u r a t i o n  t o  be fa v o re d  i n  t h i s  s o l v e n t .
d .  P h o t o s e n s i t i v i t y  Due t o  F l a v i n s .  P osthum a e t  a l .  
(4 1 )  h av e  show n t h a t  i l l u m i n a t i o n  o f  th e  p o ly e n e  a n t i b i o t i c  
p im a r i c in  w i th  v i s i b l e  l i g h t  i n  th e  p re s e n c e  o f  f l a v i n s  r e ­
s u l t s  i n  d e s t r u c t i o n  o f  th e  p o ly e n e  c h ro m o p h o re . K in sk y  e t  
a l .  (4 2 )  r e p o r t e d  a  s i m i l a r  f i n d i n g  c o n c e rn in g  f i l i p i n ,  a n ­
o th e r  p o ly e n e  com pound. Thus th e  a b i l i t y  o f  r i b o f l a v i n  t o  
d e s t r o y  th e  p o ly e n e  chrom ophore o f  e p i r o d in  was i n v e s t i g a t e d .
S o lu t i o n s  o f  e p i r o d i n  and  r i b o f l a v i n  w ere e x p o se d  t o  
l i g h t  f o r  d i f f e r e n t  p e r io d s  o f  t im e .  I t  was fo u n d  t h a t  th e  
lo n g e r  th e  e p i r o d i n  s o l u t i o n  was e x p o sed  t o  l i g h t *  th e  l e s s  
i n t e n s e  i t s  a b s o r p t i o n  becam e. A b so rb an ce  m e asu rem en ts  a t  
429  nm a r e  g iv e n  i n  T a b le  14 . A p l o t  o f  th e  a b s o rb a n c e  v s .  
tim e  i s  show n i n  F ig .  2 8 . L ike  p im a r ic in  and f i l i p i n ,  e p i ­
r o d in  w as n o t  a f f e c t e d  by  f l a v i n  w i th o u t  e x p o s u re  t o  l i g h t .  
L ig h t  a lo n e  c a u se d  some d e c re a s e  i n  a b s o rb a n c e  b u t  n o t  t o  th e  
e x t e n t  t h a t  o c c u rr e d  when r i b o f l a v i n  was p r e s e n t .
G. C h e m ic a l M ethods Used i n  th e  A n a ly s is  o f  E p i r o d in  M ix .
i*  A c e t v l a t i o n  o f  E p i r o d in  M ix. A c e t y l a t i o n  in v o lv e s  
r e p la c e m e n t  o f  th e  h y d ro g e n  on a n  a l c o h o l i c  h y d ro x y l  g ro u p  
w ith  a c e t y l  (CH^CO) a c c o r d in g  t o  th e  f o l lo w in g  e q u a t io n !
R-OH + (CH3CO)2  -------- » CH^COOR + CH^COOH
P y r id in e  i s  u se d  a s  s o lv e n t  b e c a u se  i t  com b ines w i th  a c e t i c
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TABLE 14 .
E f f e c t  o f  R i b o f l a v in  an d  V i s ib l e  L ig h t  on th e  A b so rb a n ce  
o f  E p i r o d in  a t  10 u g /m l i n  0 .0 5  M P h o sp h a te  B u f f e r . p H 6 . 9 .
Time o f  E x p o s u re  R ib o f l a v in  L ig h t  R ib o f l a v in  an d  L ig h t  
( m i n . )
0 0 .4 1 8 0 .4 1 8 0 .4 1 7
5 0 .4 1 8 0 .4 1 5 0 .3 8 1
10 0 .4 1 8 0 .4 1 3 0 .3 6 0
15 0 .4 1 8 0 .4 0 9 0 .3 3 8
20 0 .4 1 8 0 .4 0 8 0 .3 1 2
30 0 .4 1 7 0 .4 0 8 0 .2 9 4
45 0 .4 1 7 0 .4 0 7 0 .2 2 0
R i b o f l a v in  a t  2 u g /m l.
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acid as i t  is  formed, driving the reaction forward (39)« Sim­
ila r  reaction conditions have been used for the acetylation 
of polyenes such as chainin (61) and the mycoticins A and fi 
(62). The acetylation of epirodin proceeded quite smoothly. 
The product was found to have a different solubility  profile 
than epirodin mix. While epirodin is  insoluble in organic 
solvents such as chloroform and ethyl ether, the acetylated 
counterpart was very soluble.
Several spectroscopic studies were done on acetylated 
epirodin, including NMR, UV-visible absorption, and infrared 
absorption. The NMR spectrum is shown in Fig. 29. I t  was not 
possible to obtain any sharp peaks. Series of complex multi- 
plets were obtained instead. Tentative assignments are pre­
sented in Table 15 along with the peak positions of acetylated 
fi lip in  (63). The acetate methyl groups appear to have sim­
ila r  chemioal sh ifts . I t  looks as i f  acetylated epirodin, 
like f i lip in , has some kind of side chain because of the peaks 
attributable to  methyl and methylene groups. Also present is  
a diffuse band a t & *4.20 ppm which is  assigned to the ole- 
finic protons of the polyene chromophore and the protons of 
the carbon atoms to which the acetate groups are attached, 
Acetylated flavofungin (64) and acetylated mycoticin (62), 
two other polyene compounds, also have similar NMR spectra. 
Their acetoxy protons have the same sh ift as in f i lip in  and 
epirodin, as have the olefinic protons. I t  is interesting to 
note that in the NMR spectra of a l l  three acetylated com­
pounds as well as epirodin, the peaks never appear as concise
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F ig u re  2 9 . N u c le a r  M ag n e tic  R esonance S p ec tru m  o f  A c e t­
y l a t e d  E p i r o d in  M ix.
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TABIE 15 .
NMR P eak  A ss ig n m e n ts  f o r  A c e ty la te d  E p i r o d in  Mix B ased  
on th e  NMR S p e c tru m  o f  A c e ty la te d  F i l i p i n .
P eak  A ss ig n m e n t A c e ty la te d  F i l i p i n  A c e ty la te d  E p i r o d in
CH2 , CH^ g ro u p s  o f 0 .8 6 0 .9 5
s id e  c h a in 1 .2 2 1 .3 0
M eth y l g ro u p  a t t a c h e d  
t o  d o u b ly  b o n d ed  c a rb o n
1 .8 3 -
A c e ta te  m e th y l g ro u p s 2 .0 1 2 .0 5
O le f i n i c  p r o to n s  and  
p r o to n s  on same c a rb o n  
atom s a s  a c e t a t e  g ro u p s
4 .2 3 - 6 .8 1 4 ,2 0
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singlets, doublets, or tr ip le ts . Instead, they are diffuse 
and complex m ultiplets. For example, the 12 C-CH^  protons of 
mycoticin A appear as a single broad band with no resolution 
at a l l .
The UV-visible absorption spectrum of a 10 ug/ml solu­
tion of a c e t y l a t e d  epirodin in 95# ethanol is  shown in Fig,
30. The peak is  shaped in an identical manner to epirodin 
i t s e l f ,  indicating that acetylation did not affect the chro- 
mophore. The extinction coefficient was decreased in accord­
ance with the increased weight of the acetylated epirodin 
molecule•
The infrared spectrum of a KBr pellet of acetylated epi­
rodin is  shown in Fig. 31. Notably absent is the broad band 
at 3400-3200 cm*1 caused by alcoholic 0-H stretching. The 
carbonyl band is  also changed. In epirodin mix a sharp peak 
at 1720 cm"1 was present which was assigned to -C=C-C0-0-.
In the acetylated compound the band is broader and extends 
to higher frequencies. This is  due to the presence of acetate 
ester which appears a t 1735 cm”1. Another difference between 
the two spectra is  the symmetric and assymetrio C-0-C stretch­
ing frequencies of the ester. Because of the different types 
of esters in acetylated epirodin, the peaks overlap, and one 
sees the broad band centered a t 1210 cm*1.
&, Quantitative acetylation. i t  is  possible to quanti­
tate the acetylation of a hydroxyl group in  two separate ways. 
The f i r s t  method involves hydrolyzing the acetyl derivative 
by saponification followed by determination of the neutral-
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S  o  u  o  oo
2  o  <3 o









Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
139
ization equivalent. In the second method. the excess acet- 
ylating reagent is  hydrolyzed with water.
and the amount of aoetic acid formed is  determined. Mehlen- 
bacher (65) recommends the la t te r  procedure because the sa­
ponification method is  more prone to e rrer. A small error 
in titra tio n  results in a large error in calculation, ma­
king i t  necessary to  do many determinations. When using 
hydrolysis of excess reagent as a means of quantitation 
and pyridine as solvent. Mehlenbacher says that the acetyl­
ation proceeds to 99.3£.
The data for the acetylation of epirodin mix are shown 
in Table 16. The number of hydroxyl groups was calculated 
according to the following equationi
A molecular weight of 953 g was used for epirodin. Since 
each mmole of hydroxyl groups removes one mmole of acetic 
acid, the difference in  mmoles of base should give the num­
ber of mmoles of hydroxyl groups. This figure divided by 
the number of mmoles of epirodin mix should give the number 
of hydroxyl groups per molecule of epirodin. However, since 
epirodin it s e l f  contains two free acid groups as w ill be 
shown la te r (Neutralisation Equivalent), the actual number 
of hydroxyl groups should be 2 less than th is value. Two 
has been subtracted to give the values indicated in Table 
16. The average number of hydroxyl groups on each molecule
(CH3CO)2 + HOH > 2CH3COOH
(ml blank-ml test)(0.5KMW epirgdin) _ 2 
(mg of sample) 
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TABLE 16.
A c e ty la tio n  o f E pirodin  Mix.
Sam ple W eigh t 
(rag)
Ml f o r  T i t r a t i o n 0, B la n k -T e s t  No. o f  H y d ro x y ls
b la n k 3 ^ .2 5  0 0
2 1 .0 2 3 3 .5 0  0 .7 5 15
1 9 .9 1 3 3 .2 8  0 .8 7 18
2 0 .2 5 3 3 .3 3  0 .9 2 21
a  0 .5  N NaOH
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worked out to 18. Berkoz and Djerassi (66) indicate that 
the acetylation process is  not always quantitative for poly­
enes with large amounts of hydroxyl groups, and tha t the 
error involved is  often in the range of 10£, Mass spectrom­
etry had indicated that there were 9 hydroxyl groups on the 
epirodin molecule. There is  definitely  lack of agx*ament 
between the two techniques. The lack of precision in the 
chemical method suggests that th is method may also lack 
some accuracy. Thus, while the number of hydroxyl groups 
determined by mass spectrometry was estimated by extrapola­
tion , i t  is  f e l t  to be the more definite of the two tec- 
niques. Therefore, i t  is  assumed that epirodin contains 
8-10 hydroxyl groups per molecule.
2. Acid Hydrolysis of Epirodin Mix. When epirodin mix 
was hydrolyzed in 1 N HC1, the hydrozylate was separated 
into four fractionsi the ether layer, the aqueous layer, 
the solid p recip itate, and the gummy solid remaining in the 
reaction flask . The gummy solid was examined f i r s t  and was 
found to be soluble in methanol and base but insoluble un­
der acidic conditions. An IR spectrum was obtained by smear­
ing the compound on a NaCl disc and is  shown in Fig. 32*
The lower spectrum is of epirodin mix on a NaCl dise. The 
two spectra appear to be of the same compound. This along 
with the sim ilar so lubility  properties seems to indicate that 
the gummy solid remaining in the reaction flask a fte r acid 
hydrolysis is  simply unreacted epirodin.
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The next fraction to be worked up was the solid preci­
p itate which had appeared a t the interface of the aqueous 
and ether layers during the extraction procedure. I t  was 
found to be fa r more soluble in pyridine than in methanol.
A KBr pelle t was prepared to obtain an IR spectrum (Pig. 33). 
Strong bands a t 670 and 740 cm"1 indicated the presence of 
a C-Cl bond. This was confirmed by a positive reaction to 
the silver n itra te  te s t for alkyl halides (43). The bands 
at 1260, 1110, and 1060 cm"1 either disappeared or were 
markedly decreased as compared to epirodin mix. These peaks 
had been assigned to symmetric and asymmetric C-O-C stretch­
ing of an ester function. This along with the appearance of 
the broad band from 2900-2600 cm"1 indicated that the ester 
function of epirodin mix was acid hydrolyzed. The carbonyl 
band observed for epirodin was markedly decreased1 however, 
the various polyene and methylene peaks remained in tact as 
did the alcohol bands.
Th e se  r e s u l t s  show t h a t  t h i s  f r a c t i o n  c o n ta in e d  th e  e p i ­
r o d in  m ix  t h a t  was h y d r o ly z e d  a c c o r d in g  t o  th e  f o l l o w i n g  e -  
q u a t io n i
RCOOR* + h2o  rcooh + R*0H
The p o s i t i v e  r e a c t i o n  o f  th e  s i l v e r  n i t r a t e  t e s t  f o r  a l k y l  
h a l id e s  show ed t h a t  a n  a d d i t i o n a l  s id e  r e a c t i o n  was a ls o  
o c c u r r in g !
-C -C  ™L_X -c-C-
H X
The HC1 was probably adding to the many unsaturated double 
bonds of epirodin. The hydrolyzed material could be recrys-
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t a l l i z e d  fro m  e t h a n o l  and  had  a  m e l t in g  p o in t  o f  1 2 8 -1 3 0 ° .
The a q u e o u s  l a y e r  from  th e  e x t r a c t i o n  p ro c e d u re  was 
exam ined  p r i m a r i l y  f o r  an y  s u g a r s  t h a t  m ig h t be  p r e s e n t .
M ost o f  th e  p o ly e n e  m a c ro l id e  a n t i b i o t i c s  c o n t a in  e i t h e r  a  
s u g a r  o r  a n  am ino  s u g a r  m o ie ty  t h a t  i s  l i b e r a t e d  upo n  a c id  
h y d r o ly s i s  o f  th e  p a r e n t  m o le c u le .  M ost commonly fo u n d  i s  
m ycosam ine w h ic h  h a s  b e e n  i s o l a t e d  from  n y s t a t i n *  p im a r i -  
c in *  c a n d id in *  an d  tr i c h o m y c in  ( 2 3 ) .  Thus th e  a q u e o u s  l a ­
y e r  was ta k e n  a lm o s t  t o  d r y n e s s  and  s p o t t e d  o n to  TLC p l a t e s .  
G lu b o s ta t  r e a g e n t*  M o rg an -E lso n  re a g e n t*  a n i l i n e - d i p h e n y l -  
a m in e -p h o s p h o r ic  a c id  s p ra y *  E h r l i c h  re a g e n t*  and b e n z id in e -  
t r i c h l o r o a c e t i c  sp ra y *  a l l  o f  w h ich  a r e  s p e c i f i c  f o r  e i t h e r  
a  s u g a r  o r  a n  am ino  s u g a r*  w ere u n a b le  t o  e l i c i t  a  p o s i t i v e  
r e a c t i o n .  A lth o u g h  d e s t r u c t i o n  o f  s u g a r  may have ta k e n  
p la c e  d u r in g  a c id  h y d r o ly s i s *  am ino  s u g a r s  a r e  e x t r e m e ly  
s t a b l e  t o  a c i d i c  c o n d i t i o n s .  Thus i t  may be c o n c lu d e d  t h a t  
e p i r o d i n  m ix c o n ta in e d  no  am ino s u g a r  m o ie ty  and  p r o b a b ly  
n o  s u g a r  m o ie ty  a t  a l l .
The e t h e r  l a y e r  w as a l s o  c o n c e n t r a t e d  i n  v a c u o  an d  e x ­
am ined  by  TLC i n  a  s o l v e n t  sy s te m  c o n s i s t i n g  o f  b en z en ec  
p y r id i n e  ( 9 9 .5 i 0 . 5 ) ,  A f t e r  s p r a y in g  th e  p l a t e  w i th  v a n i l l i n -  
s u l f u r i c  a c i d  r e a g e n t*  th e  p a t t e r n  shown i n  F ig .  34  was ob­
t a i n e d ,  Two d i s t i n c t  s p o t s  w ere  s e e n  a lo n g  w ith  a  f a i n t  
s p o t  j u s t  b e h in d  th e  s o l v e n t  f r o n t  and  s e v e r a l  s m a l l e r  s p o t s  
s l i g h t l y  ab o v e  th e  o r i g i n .  Numerous s ta n d a r d  s a m p le s  w ere 
t e s t e d  i n  s e a r c h i n g  f o r  a  ty p e  o f  compound t h a t  w ould  t r a v ­
e l  i n  a  s i m i l a r  m anner t o  th e  m a jo r  s p o t s .  T hose com pounds
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i c o l .  D ev e lo p ed  i n  B e n z e n e iP y r id in e  ( 9 9 .5 » 0 .5 ) .  
S p ra y e d  w ith  V a n i l l i n - S u l f u r i c  A c id .
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w hich  f i t t e d  th e  r e q u i r e m e n t  w ere r i n g  s y s te m s  w i th  v e r y  
lo n g  a l i p h a t i c  s id e  c h a in s *  among w h ich  w ere v i t a m i n  K%( X -  
to c o p h e ro l*  an d  me t h y l c l a v i c o l . T h e i r  TLC p a t t e r n s  a r e  r e ­
c o rd e d  i n  P i g .  3 4 .
The c o n c e n t r a t e d  e t h e r  l a y e r  was a p p l ie d  t o  a  s i l i c i c  
a c id  co lum n  a n d  e l u t e d  w i th  b e n z e n e . F r a c t io n s  w ere e a c h  
exam in ed  b y  TLC t o  s e e  w h ich  s p o t  th e y  c o n t a in e d .  The l a r ­
g e s t  s p o t  i n  th e  TLC p a t te r n *  R p « 0 .3 8 2 , was th e  o n ly  one 
c o l l e c t e d  fro m  th e  co lum n i n  an y  s i g n i f i c a n t  am o u n t. Thus 
th o s e  f r a c t i o n s  c o n t a in i n g  t h i s  p a r t i c u l a r  s p o t  w ere p o o le d  
and  c o n c e n t r a t e d  i n  v a c u o , y i e l d i n g  a  v e r y  p a le  y e l lo w  o i l .
I n f r a r e d  s p e c t r a  o f  th e  compound w ere o b ta in e d  i n  b o th  
c a rb o n  t e t r a c h l o r i d e  and  c y c lo h e x a n e  ( F ig .  3 5 t3 6 ) .  I t  i s  
r e a l l y  n o t  p o s s i b l e  t o  make any  s o l i d  c o n c lu s io n s  fro m  th e  
s p e c t r a l  d a t a .  The unknown compound c o n t a in s  m e th y l and  
m e th y le n e  g r o u p s .  The e s t e r  f u n c t io n  o f  e p i r o d i n  d id  n o t  
a p p e a r  t o  h av e  b e e n  d i s r u p t e d .  T he re  w ere s t i l l  u n s a tu r a t e d  
f u n c t io n s  p r e s e n t*  some o f  w h ich  w ere c o n ju g a te d .  The h y ­
d r o x y l  g ro u p s  seem  t o  hav e  d is a p p e a r e d  a s  e v id e n c e d  b y  th e  
l o s s  o f  t h e  b ro a d  b and  a t  340 0 -3 2 0 0  cm"1 s e e n  i n  th e  s p e c t ru m  
o f  e p i r o d i n  m ix , and  th e  a p p e a ra n c e  o f  C -C l b an d s  i n d i c a t e d  
th e  a d d i t i o n  o f  HC1 a c r o s s  d o u b le  b o n d s .
As w as j u s t  m en tio n ed *  th e  unknown compound was p a le  
y e l lo w  i n  c o n t r a s t  t o  th e  b r i l l i a n t  o r a n g e - r e d  c o l o r  o f  e p i ­
r o d i n .  T h i s  ch a n g e  was a l s o  r e f l e c t e d  i n  th e  U V -v is ib le  a b ­
s o r p t i o n  s p e c t r u m . Thus w h ile  lo g  e f o r  e p i r o d i n  m ix a t  
429  nm w as 4 .6 8 2  f o r  a  10 u g /m l s o lu t io n *  t h e r e  w as n o  a b -
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s o r p t i o n  i n  th e  v i s i b l e  ra n g e  f o r  a  50  u g /m l s o l u t i o n  o f  
t h e  unknow n com pound. H ow ever, t h e r e  was a b s o r p t i o n  i n  th e  
u l t r a v i o l e t  r e g i o n  w h ich  was n o t  o b s e rv e d  f o r  e p i r o d i n  m ix 
( F ig .  3 ? )*  F o r  e x a m p le , t h e r e  was a  s m a l l  p ea k  a t  273 nxn 
w i th  a  s h o u ld e r  a t  280  nm. C hrom ophores s u c h  a s  (C tC )^  and 
(0 s g ) ( C iC ) 2 a b s o r b  a t  2 7 3 -2 7 3 .5  nm w h ile  (C iC )^  a b s o r b s  a t  
2 8 0 -2 8 0 .5  nm. The p ea k  a t  212 nm may i n d i c a t e  a  ( ° * ^ )  g ro u p  
w h ile  t h a t  a t  2 3^  nm may r e f l e c t  a  (0 ig ){ C » C ) c h ro m o p h o re . 
Thus fro m  th e  s p e c t r a l  d a t a ,  i t  w ould  seem  t h a t  t h i s  e t h e r  
l a y e r  c o n t a in e d  e p i r o d i n  t o  w h ich  HC1 had  ad d ed  a t  u n s a t u r ­
a t e d  f u n c t i o n s  t h e r e b y  d e s t r o y i n g  th e  c h ro m o p h o re . E p i r o d in  
i t s e l f  i s  s o lu b le  i n  e t h e r  o n ly  t o  a  v e ry  s m a l l  e x t e n t .  The 
i n c r e a s e d  s o l u b i l i t y  p r o p e r t i e s  a lo n g  w i th  th e  l o s s  o f  h y ­
d r o x y l  b a n d s  i n  th e  IR  s p e c tru m  i n d i c a t e  t h a t  a n  a d d i t i o n a l  
s i d e  r e a c t i o n  a l s o  may have o c c u rre d !
R-OH ------------>  RX + H20
! •  B ro m in a t io n  o f  E p i r o d in  M ix. S i x t y - f i v e  mg o f  e p i ­
r o d i n  m ix h ad  b e e n  u s e d  f o r  th e  b ro m in a t io n  p r o c e d u r e .  From 
t h i s  w ere  o b ta in e d  128 mg o f  p r o d u c t .  U sin g  a  m o le c u la r  
w e ig h t  o f  953 g  f o r  e p i r o d i n  a s  d e te rm in e d  by  m ass s p e c t ro m ­
e t r y ,  th e  am ount o f  B r2/m o le  o f  e p i r o d i n  was c a l c u l a t e d *  
S i x t y - f i v e  mg o f  e p i r o d i n  i s  e q u i v a l e n t  t o  6 .8 2  X 10*^ m o le s . 
The d i f f e r e n c e  i n  f i n a l  an d  i n i t i a l  w e ig h ts  i s  t a k e n  a s  th e  
w e ig h t  o f  b ro m in e  ad d e d  and  w orks o u t t o  7 .8 8  X 10 m o le s . 
Thus 7 .8 8  X 1 0 - 4  m o les  o f  B r2 p e r  6 .8 2  X 10~^ m o les  o f  e p i ­
r o d i n  g iv e s  a  v a lu e  o f  1 1 .5  m o les  o f  b rom ine  a to m s p e r  m ole
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of epirodin. This indicates that 5.75 moles of Br2 were ta ­
ken up per mole of epirodin. According to Polgar and Jung- 
nickel (*f4), addition of halogen across olefinic linkages 
occurs very rapidly in the dark, while substitution proceeds 
very slowly. They also state that while addition of halo­
gen across a single double bond is  quantitative, i t  is  not 
so for conjugated systems. The OV-visible spectrum of epi­
rodin had indicated that seven double bonds in conjugation 
were present. Thus halogenation does not appear to have 
been complete.
Brominated epirodin could be crystallized and was ob­
tained sis a pale yellow-orange powder in contrast to  epi­
rodin mix which is  orange-red and oily. The melting point 
of the brominated derivative, however, was not very sharp.
The melting process started a t 117° and was complete a t 130°. 
This indicated that the bromination product was a mixture.
The toxicity  of brominated epirodin mix was tested a- 
gainst B. a u b tilis . A, salina. and C, pyre n old os a . I t  was 
found to be completely inactive a t 10 mg/ml.
The spectrum of the brominated compound was examined 
in both the UV-visible and infrared regions. At a concen­
tra tion  of 1 mg/ml in ethanol, no visible absorption could 
be demonstrated. The UV absorption spectrum of a 100 ug/ml 
solution in 95% ethanol is shown in Fig. 38. There were sev­
era l peaks and shoulders present. The primary peak corres­
ponds to (OiC)CsC) while the smaller ones show e ither (OiC), 
(CiC)2, (CiC)-j, or (OtC)(CtC)2. This indicates tha t des-
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‘ Figure 38. Ultraviolet Spectrum of Brominated Epirodin Mix.
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tructlon of the chromophore a t random points in the conjuga­
ted system probably oocurred.
The infrared spectrum of brominated epirodin mix in a 
KBr pelle t is  shown in Fig. 39. I t  is v irtua lly  identical 
to that of epirodin mix. Since carbon-bromine stretching is 
reflected a t 600-500 cm*1, which is  beyond the range of the 
instrument, i t  would not show up. In the spectrum of epiro­
din* there was a band a t 1610-1570 cm*1 which was assigned 
to G*=G stretching of a polyene. Dienes absorb in th is same 
range. Therefore* the random addition of bromine in the con­
jugated system makes i t  impossible to see any overall changes 
in the spectrum.
Elemental analysis of brominated epirodin* like that of 
epirodin* showed no nitrogen. There were however, d iffe r­
ences in the relative amounts of carbon and hydrogen. While 
carbon accounts for 58.93# of the weight in epirodin, i t  con­
stitu ted  only 35.81# in i ts  brominated counterpart. Like­
wise, the hydrogen dropped from 7.85# to *f.31#. This reflec ts 
the 5.75 moles of bromine or 920 g added which nearly doubled 
the molecular weight.
k.  Elemental Analysis of Epirodin Mix. The resu lts of 
C.H.N analysis on epirodin mix are presented in Table 17.
Each determination was run in duplicate, and the data were 
averaged to give the resu lts shown. Two separately isolated 
samples were used to insure that no gross contamination was 
present as a difference in the amount of contaminant would
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TABLE 17.




Epirodin Mix #1 58.93 7.85 0 ,00
Epirodin Mix #2 57.55 7.75 0.85
Epirodin Bm^ x (12) 44.13 5.49 0.75
Epirodin Mix (18) 73.15 9.33 0.00
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become apparent in  a d ifference in  the r e s u lts .  Also presen­
ted i s  the data obtained by Burge (12) who worked with the 
same compound. The d ifferences observed between the two 
workers probably r e f le c t  the hydroscopic nature of epirodin. 
Using averaged figures of 58.24# for carbon and 7.80# for  
hydrogen, and a molecular weight of 953 &• i t  i s  possib le to  
ca lcu la te  the number of atoms per molecule of epirodin. Thus 
there are 550 g of carbon or 46 atoms, and 74 g of hydrogen 
or 74 atoms. Assuming the res t  of the molecule i s  oxygen, 
there are 322 g or 21 atoms. Therefore the em pirical formula 
fo r  epirodin i s  calculated as being In comparing
these values with the CHN analysis of the brominated deriva­
t iv e ,  c 46H62°21Br12' a d iscrepancy i s  observed. The expec­
ted values would be 29 . 90# carbon, and 3 .26# hydrogen, not 
the 35.81# carbon and 4.31# obtained.
Hydrogenation of Epirodin Mix. The hydrogenation 
of epirodin mix could be followed v isu a lly  by the lo s s  of 
co lor  in  the so lu tion . While o r ig in a lly  an intense orange-  
red, the so lu tion  gradually lo s t  i t s  co lor  u n til  i t  f in a lly  
became c o lo r le s s . The uptake of hydrogen was measured at 
regular in te rv a ls . The resu lts  are presented in  Table 18 .
As can be seen , the hydrogenation proceeded rapidly in  the 
f i r s t  20 minutes and then continued a t a slower pace. A fter  
18 hours, a to ta l  of 21.2  ml of the H2 gas had been consumed. 
This fig u r e , however, was obtained a t 25° and 740 mm pres­
sure , and thus must be converted to STP (0° and 760 mm).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
166
TABLE 18.
Uptake o f  By E pirodin Mix in  G la c ia l A oetic  A cid .
Time Buret Reading (ml) Ml Uptake
0 minutes 24.5 0 .0
1 24.1 0.4
3 22.7 1 .8
5 21 .2 3.3
7 19.5 5 .0
9 16.5 8 . 0
11 14.0 10.5
13 11 .0 13.5
16 7.6 16.9
21 6 .9 17.6
26 6 .6 17.9
31 6.5 18.0
36 6 .4 18.1
41 6.1 18.4
56 5 .7 18,8
71 5.7 18.8
86 5 .7 18.8
101 5.5 19.0
116 5 .4 19.1
131 5.2 19.3
6 hour8 4.2 20.3
18 3.3 21.2
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While one mole o f a gas occupies 22,4 l i t e r s  a t STP, i t  takes 
up 25.2 l i t e r s  under the conditions of the experiment. There­
fo re , 21.2m l/25.2 l i t e r s  or 8.39 X 10"^ moles of hydrogen 
added to 108.28 mg or 1,16 X 10”^ moles of epirodin mix.
From th is  data, i t  i s  calculated that epirodin contains 8.39  
X 10“V l . l 6  X 10"4 or 7.23  double bonds.
Hydrogenated epirodin was c o lo r le ss  and had no v is ib le  
absorption spectrum. The u ltr a v io le t  spectrum of a 10 ug/ml 
so lu tion  of the compound in  ethanol had a sin g le  peak at 
210 nm. This i s  near the short wavelength lim it of the use­
fu l  range of ethanol as so lven t. In any case, the conjuga­
ted double bond system has been completely ob litera ted .
Hydrogenated epirodin mix showed no to x ic ity  when t e s t ­
ed against B. s u b t i l i s . A. sa lin a . or C, pvrenoidosa.
6 . N eutralisation  Equivalent. The n eu tra lization  
equivalent data are presented in  Table 19. The average v a l­
ue was calculated to  be Jf58. Using a molecular weight of 
953» these resu lts  showed that there are 953/458 or 2.08  
acid functions on each epirodin molecule. The s o lu b il ity  
of epirodin mix in  5% sodium bicarbonate along with the 
lack of su lfu r in  the molecule indicate that they must be 
carboxylic ac id s.
2 . Periodate Oxidation of Epirodin Mix. Periodate i s  
capable of oxidizing compounds containing two or more -OH 
or =0 groups attached to  adjacent carbon atoms with cleavage 
of carbon-carbon bondsi
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TABIE 19.
D eterm ination o f  the N e u tr a liz a tio n  E quivalen t
o f  E pirodin  Mix.
Sample Weight 
(mg)
Ml Blank8, Ml Sample8, N eutralization
Equivalent
5 .60 0.05 1.35 431
1.63 0.05 0.42 440
2.22 0.05 0.54 453
1.34 0.05 0.34 463
2.07 0.05 0.48 482
1.30 0.05 0.32 481
a  0 .0 1 0 0 8  N NaOH
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R-CHOH
+ H IO i,------------->  RCHO + R'CHO + H IO,
R'CHOH *  3
The excess HIO^  can be determined by then reducing i t  to  
IO3-  by addition of excess KI under acid ic  conditions*
H+ + I0 4 "  + 21 “  £  I 2 ♦  I 0 3 “ + OH’
The amount of I2 thus formed can then be determined by t i ­
tra tio n  with NagSgO  ^ to  the disappearance of the iodine co­
lor*
I 2 + 2S2 03 * -------------- >  21" + S^06*
Identical a liquots containing 2 5 .5  mg of epirodin were 
allowed to  react with periodate* Kl was added* and the I2 
thus formed was t itra ted  with th io s u lfa te . Readings of 
5 2 , 10* 52 . 10 , and 52.15  ml were obtained, g iving an aver­
age of 5 2 .1 2  ml of NagSgO .^ The to ta l  amount of periodate 
availab le was determined by adding KX prior to  the addition  
of epirodin. Thus there was no 10^’  l e f t  to  oxidise the 
compound. When t itra ted  with th io su lfa te , a value of 53.^5 
ml was obtained for th is  so lu tio n . These data were then 
used to  calcu late the molar equivalent weight. The amount 
of th iosu lfa te  used was*
meq. SgO^ ** ■ (ml blank-ml t e s t )  (N NagSgO )^
-  ( 5 3 .^ 5 - 5 2 .1 2 ) ( 0 .1 )
* 0 .1 3 3
However, every 1 0^“ that was reduced required 2 th iosu lfa te  
ions. Thus the 0 .1 3 3  meq. of SgO^* represented 0 .1 3 3 /2  or 
6,65 X lO"2 m e q ,  0f  periodate. Since each aliquot of ep i­
rodin contained 25.5  mg, the molar equivalent weight was
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2 5 .5 /6 .6 5  X 1 0 "2 o r  3 8 4 . U sin g  a  m o le c u la r  w e ig h t o f  9 5 3 ,
e a c h  e p i r o d i n  m o le c u le  c o n ta in e d  9 5 3 /3 8 4  o r  2 .4 8  v i c i n a l  
h y d ro x y l o r  o < -h y d ro x y  f u n c t i o n s .  S in c e  i t  was im p o s s ib le  
t o  d e m o n s tra te  th e  p re s e n c e  o f  a n y  k e to n e  g r o u p s ,  i t  i s  p r e ­
sumed t h a t  e p i r o d i n  c o n t a in s  2 .4 8  1 ,2 - g l y c o l  o r  dX -hydroxy  
a c id  g ro u p in g s .  G ly c o ls  a r e  b y  no m eans uncommon among th e  
p o ly e n e  a n t i b i o t i c s .  Cope and  Jo h n so n  (4 5 )  showed f u n g i -  
ch ro m in  t o  be s e n s i t i v e  t o  p e r i o d a t e  v i a  a  1 ,2 - g l y c o l  w h ile  
B o row sk i e t  a l .  ( 6 7 ) show ed th e  same t o  be t r u e  o f  ampho­
t e r i c i n  B.
The p ro d u c ts  o f  th e  p e r i o d a t i o n  w ere e x a m in ed . An e t h e r  
e x t r a c t  o f  th e  aq u e o u s  s o l u t i o n s  u sed  f o r  t i t r a t i o n s  was 
ta k e n  t o  d ry n e s s  i n  v a c u o . S in c e  2 .4 8  c a rb o n -c a rb o n  bonds 
w ere shown t o  have  b e e n  c l e a v e d ,  e p i r o d i n  m ust be i n  2 -3  
f r a g m e n ts .  A v i s i b l e  s p e c t ru m  o f  th e  p r o d u c ts  r e t a i n e d  th e  
s h ap e  o f  th e  e p i r o d i n  s p e c t ru m . Thus p e r i o d a t e  d id  n o t  
o le a v e  w i th i n  th e  ch rom ophore  i t s e l f .
The p r o d u c ts  o f  an y  p e r i o d a t e  o x id a t io n  c o n t a in  a ld e h y d e  
g ro u p s  a t  th e  p o in t  o f  c l e a v a g e .  T h e r e f o r e ,  th e  e p i r o d in  
e t h e r - s o l u b l e  f r a g m e n ts  w ere t r e a t e d  w i th  2 ,4 - d i n i t r o p h e n y l -  
h y d r a z in e  t o  fo rm  th e  d in i t r o p h e n y lh y d r a z o n e  d e r i v a t i v e s *
The p r e c i p i t a t e d  d e r i v a t i v e  was r e c r y s t a l l i z e d  and  ex a m in e d . 
A m e l t i n g  p o in t  d e t e r m i n a t io n  gav e  a  v a lu e  o f  1 1 5 -1 1 8 ° . The 
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d e r i v a t i v e  i n  e th a n o l  i s  show n i n  F ig .  4 0 ,  an d  th e  sp e c tru m  
o f  a  10 u g /m l s o l u t i o n  o f  2 , 4 - d i n i t r o p h e n y l h y d r a z in e  i n  e t h ­
a n o l  i s  i l l u s t r a t e d  i n  F ig ,  4 1 , B o th  s p e c t r a  c o n ta in e d  th e  
same a b s o r p t i o n  b a n d s ,  and  th e  ch rom ophore  o f  e p i r o d i n  was 
n o t  o b s e r v e d . T h is  a l s o  s u g g e s t s  t h a t  th e  c r y s t a l l i z e d  d e r ­
i v a t i v e  d o e s  n o t  c o n t a in  th e  e p i r o d i n  ch rom ophore  and  i s  
fro m  a  d i f f e r e n t  p a r t  o f  th e  e p i r o d i n  m o le c u le .
The i n f r a r e d  s p e c tru m  i s  p r e s e n t e d  i n  F ig .  4 2 , N o ta b ly  
a b s e n t  was th e  c a rb o n y l  b and  w h ich  i s  s o  p ro m in e n t i n  th e  
s p e c t ru m  o f  e p i r o d i n .  The m a jo r i t y  o f  th e  p e a k s  a r e  a t t r i b ­
u t a b l e  t o  2 ,4 - d in i t r o p h e n y l h y d r a z in e .  The o n ly  one w hich  
i s  n o t  i s  th e  0-H s t r e t c h i n g  b an d  a t  3 4 0 0 -3 2 0 0  cm "1 . O th e rs  
s u c h  a s  th o s e  a t  1610 -1590  cm "1 an d  1510  cm "1 r e f l e c t  th e  
p h e n y l  n u c l e u s ,  w h ile  th o s e  a t  1520 and  1330 cm "1 i n d i c a t e  
sy m m e tr ic  and  a s s y m e t r ic  s t r e t c h i n g  o f  a n  N02 g ro u p  bonded 
t o  c a rb o n  i n  a  p h e n y l r i n g .
C a rb o n , h y d ro g e n , and  n i t r o g e n  a n a ly s e s  o f  th e  2 ,4 -  
d in i t r o p h e n y lh y d r a z o n e  d e r i v a t i v e  show ed th e  com pound t o  be 
com posed o f  4 3 .5 3 #  c a rb o n ,  1 8 .0 0 #  n i t r o g e n ,  and  4 .0 8 #  h y d ro ­
g e n .  The m o le c u la r  w e ig h t o f  th e  com pound w as c a l c u l a t e d  
on th e  b a s i s  o f  th e  p e r c e n ta g e  o f  n i t r o g e n  p r e s e n t .  E p i r o ­
d i n  i t s e l f  c o n t a in s  no  n i t r o g e n .  A ssum ing th e r e  i s  a  2 ,4 -  
d in i t r o p h e n y lh y d r a z o n e  g ro u p in g  p r e s e n t  a t  e a c h  en d  o f  th e  
e p i r o d i n  f r a g m e n t ,  th e  d e r i v a t i v e  m u s t c o n t a i n  tw o  g ro u p s  
o r  e i g h t  n i t r o g e n s .  E i g h t  n i t r o g e n s ,  e a c h  w e ig h in g  1 4 , a -  
c c o u n t  f o r  112 o r  1 8 .0 0 #  o f  th e  m o le c u la r  w e ig h t .  Thus th e  
m o le c u la r  w e ig h t  m ust be 6 2 3 , C a rb o n  c o n s t i t u t e s  4 3 .5 3 #
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♦
-F ig u re  4-0. U V -V is ib le  A b s o r p t io n  S p ec tru m  o f  th e  2 ,4 - D in i -  
t r o p h e n y lh y d r a z o n e  D e r iv a t iv e  o f  P e r io d a te  -  
T r e a te d  E p i r o d in  M ix.
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F ig u re  4 1 . U V -V is ib le  A b s o r p t io n  S p e c tru m  o f  2 ,4 - D in i t r O -  
p h e n y lh y d r a z in e .













4 0 0 5 0 03 0 0
w a v e l e n g t h  ( n m )
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' F ig u re  4 2 . I n f r a r e d  S p ec tru m  o f  th e  2 ,4 - D in i t r o p h e n y lh y d r a -  
zone o f  P e r io d a t e - T r e a t e d  E p i r o d in  M ix.
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o f  th e  w e ig h t ,  c o r r e s p o n d in g  t o  23 a to m s , and  H, 4 .0 8 #  o r  25 
a to m s . The re m a in in g  m o le c u la r  w e ig h t  i s  a s s ig n e d  t o  oxyg en , 
g iv i n g  a  v a lu e  o f  3 4 .3 9 #  o r  13 a to m s . The e m p i r i c a l  fo rm u la  
o f  th e  d e r i v a t i v e  i s  th u s  c a l c u l a t e d  t o  be C23H2 4 -2 6 N8°13*
The c h e m ic a l  s t r u c t u r e  o f  th e  2 ,4 - d in i t r o p h e n y l h y d r a z o n e  d e r ­
i v a t i v e  w ould  be*
A f t e r  e l i m i n a t i n g  th e  c a rb o n , h y d ro g e n , an d  n i t r o g e n  a tom s 
o f  en d  g r o u p in g s ,  th e r e  r e m a in  9 c a rb o n  a to m s , 15 h y d ro g e n  
a to m s , and  5 oxygen a tom s f o r  th e  R g r o u p .  From th e  U V -v is­
i b l e  s p e c t ru m , i t  i s  known t h a t  t h e r e  a r e  no  c o n ju g a te d  
d o u b le  bond sy s te m s  p r e s e n t .  The IR show ed no  c a rb o n y l  
g ro u p s  w h e th e r  th e y  be k e to n e s ,  a c i d s ,  e s t e r s ,  o r  a ld e h y d e s .  
H ow ever, IR showed th e r e  a r e  a l c o h o l s  p r e s e n t ,  b u t  th e s e  
c a n n o t  be 1 ,2 - g l y c o l s  o r  th e y  w ould  h av e  b e e n  c le a v e d  by  th e  
p e r i o d a t e .  Thus a  p ro p o se d  s t r u c t u r e  f o r  th e  2 , 4 - d i n i t r o -  
p h e n y lh y d ra z o n e  d e r i v a t i v e  i s  a s  f o l l o w s t
S uch  a  s t r u c t u r e  c o n t a in s  23 c a rb o n s ,  8 n i t r o g e n s ,  and  28 
h y d r o g e n s ,  and  i s  c o n s i s t e n t  w i th  th e  o b s e rv e d  IR an d  U V -v is-  
i b l e  s p e c t r a .
§.• P e r io d a te  O x id a t io n  F o llo w in g  S a p o n i f i c a t i o n . A 
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volum e from  w h ich  a l i q u o t s  c o r r e s p o n d in g  t o  2 4 ,6  mg o f  e p i ­
r o d i n  w ere rem oved f o r  t i t r a t i o n  w i th  ^ S g O ^ .  The p ro c e ­
d u re  was i d e n t i c a l  t o  t h a t  u s e d  f o r  e p i r o d i n  i t s e l f .  Read­
in g s  o f  6 7 .4 0  m l, 6 7 .2 5  m l, 6 7 .3 0  m l, an d  6 7 .3 8  m l w ere ob­
t a i n e d  f o r  th e  sam ple  s o l u t i o n s  g iv i n g  a n  a v e ra g e  o f  6 7 .3 3  
m l. The v a lu e  f o r  th e  b la n k  w as 6 9 .2 0  m l. U sing  th e  e q u a ­
t i o n ,
U sin g  953 g  a s  th e  m o le c u la r  w e ig h t ,  r e s u l t s  i n d i c a t e d  t h a t  
s a p o n i f i e d  e p i r o d in  c o n ta in e d  9 5 3 /2 6 3  o r  3 ,6 2  1 ,2 - g l y c o l  o r  
CX -hydroxy a c id  g ro u p in g s  p e r  m o le c u le .  The u n s a p o n if i e d  
compound was shown t o  c o n t a in  2 .4 8  g r o u p in g s .  T hus s a p o n ­
i f i c a t i o n  r e s u l t e d  i n  an  i n c r e a s e  o f  1 .1 4  s e t s  o f  a d j a c e n t  
c a rb o n  a to m s bonded  t o  h y d ro x y l g r o u p s .  T h is  s u g g e s ts  t h a t  
e p i r o d i n  c o n t a in s  a  m asked g ly c o l  g ro u p in g  w h ich  may be i n ­
v o lv e d  i n  a n  e s t e r  o r  la c to n e  w h ich  o p en s  up  on s a p o n i f i c a -  
t i o m
F u n g ic h ro m in  e x h i b i t s  a  s i m i l a r  phenom enon ( 6 8 ) .  I n  n e u t r a l  
s o l u t i o n ,  i t  consum es tw o m o la r  e q u i v a l e n t s  o f  p e r i o d a t e  
w h ile  t h r e e  m o la r  e q u i v a l e n t s  a r e  consum ed w i th  p r i o r  b a se  
t r e a tm e n t ,
2 *  P o ta s s iu m  P erm a n g an a te  O x id a t io n  o f  E p i r o d in  M is . 
P o ta s s iu m  p erm an g an a te  i s  a n  o x id a n t  f o r  a lk e n e  f u n c t io n s
M o la r  e q u iv a le n t  w e ig h t  -
-C-O -C-C---------------->  -C -0H  + CH«-<?-
0 OH 0 OH OH
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( 3 8 ) ,  and  r e a c t s  a c c o r d in g  t o  t h e  f o l l o w in g  g e n e r a l  e q u a ­
t i o n s  i
( 1 )  2  K M nO ^ +  H 2 0  - - - - - - ^  2  KO H +  2  M n O g +  3 ( 0 )
( 2 )  RCH*CHR'  + (0 )  — >  R -C H -C H -R '-^ > R -C * 0  + 0«C-R*
OH OH OH OH
P e r s i s t a n c e  o f  th e  p u r p le  c o l o r  o f  KMnO^ i s  a n  i n d i c a t i o n  
t h a t  a l l  d o u b le  b o n d s  h ave  r e a c t e d , and  t h a t  th e  compound 
i s  i n  i t s  m ost h ig h l y  o x id i s e d  s t a t e .
E p i r o d in  m ix was r e a c t e d  w i th  KMnO^, and  th e  e t h e r -  
s o lu b le  a c i d i c  co m ponen ts  w ere ex a m in e d . S t r a i g h t  and  
b r a n c h e d - c h a in  a l i p h a t i c  a o id  s ta n d a r d s  c o n t a in i n g  one t o  
f i v e  c a rb o n  a to m s c o u ld  be r e s o lv e d  i n  a  s o l v e n t  s y s te m  
c o n s i s t i n g  o f  e t h y l  a c e t a t e * 2 .5 £  NH^OH (9 5 * 5 )  (6 9 )  by  t h i n  
l a y e r  c h ro m a to g ra p h y  on s i l i c a  p l a t e s .  R e s o lu t io n  was 
g r e a t l y  im proved  w hen th e  s o l v e n t  was a g e d  1 -2  d a y s .  S p o ts  
w ere i d e n t i f i e d  by  s p r a y in g  w i th  b ro m o c re s o l g r e e n  r e a g e n t .  
Rp v a lu e s  o f  th e  v a r i o u s  s m a l l e r  m o n o c a rb o x y lic  a c id s  a r e  
shown i n  T a b le  2 0 . When c o -c h ro m a to g ra p h e d  w i th  th e  s t a n ­
d a r d s ,  th e  o x id iz e d  p r o d u c t  o f  e p i r o d i n  t r a v e l l e d  w i th  th e  
s o lv e n t  f r o n t ,  i n d i c a t i n g  t h a t  i t  was l e s s  p o l a r  th a n  th e  
lo w e r  a l i p h a t i c ,  m o n o c a rb o x y lic  a c i d s .  A tte m p ts  w ere made 
t o  i d e n t i f y  th e  o x id a t io n  p r o d u c t  by  co m p a rin g  i t s  Rp  v a l ­
ue w i th  o th e r  ty p e s  o f  a c i d i c  com pounds and  u s in g  o th e r  s y s ­
tem s and  r e a g e n t s .  D a ta  a r e  p r e s e n t e d  i n  T a b le  2 1 . The 
e p i r o d i n  o x id a t io n  p r o d u c t  was fo u n d  t o  g iv e  a  p o s i t i v e  r e ­
a c t i o n  w i th  b o th  S chw eppe 'B  r e a g e n t  and  b ro m o c re s o l  g r e e n .  
Those a c id s  g iv i n g  p o s i t i v e  r e a c t i o n s  t o  b o th  s p r a y s  when
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TABLE 20.
Up V a lu e 8 o f  A l ip h a t i c  A c id s  D e v e lo p e d  i n  
E t h y l  A c e t a t e i 2 . 5# Ammonia ( 9 5 15 ) .
A c id Rp  V alu e
F o rm ic 0 .3 6 2
A c e t ic 0 .6 5 6
P r o p io n ic 0 .7 4 2
B u ty r i c 0 .7 7  6
I s o - b u t y r i c 0 .7 8 3
V a le r i c 0 .8 0 0
I s o - v a l e r i c 0 .8 0 8
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TABLE 21.
Spray R eactions and Rp Values o f V arious A c id s .
A cid S p ra y  I a S p ra y  I I b S y s te m  I® S y stem  I I d
E p i r o d in  o x id a t io n  
p ro d u c t + + 0 .8 1 0 0 .9 8 0
A d ip ic + + 0 .8 0 1 0 .9 6 2
C i t r a c o n i c + + 0 .7 7 0 0 .4 9 1
C i t r i c + + 0 .1 3 3 -
D e o x y c h o lic - - - -
D ih y d ro x y m ale  i c + + 0 .0 0 0 -
C is - e p o x y s u c c in ic + + 0 ,0 9 1 -
T ra n s - e p o x y s u c c in ic + + 0 .0 8 9 -
F u m aric + + 0 .0 0 0 -
G l u t a r i c + + 0 .7 0 7 0 .9  65
G ly c o l ic + + 0 .4 4 1 -
G ly o x y lio * + + 0 .0 0 0 -
- h y d ro x y b u ty r ic - - - -
I t a c o n i c + + 0 .7 4 0 0 .9 0 5
L a c t i c + + 0 .4 8 7 -
M a ie ic + + 0 .7 2 5 0 .4 5 4
M a lic + + 0 .2 7 4 -
M alo n ic + + 0 .6 1 8 0 .7 5 5
O x a lic + + 0 .0 1 0 -
S u c c in ic + + 0 .6 9 5 0 .8 8 6
T a r t a r i c + + 0 .0 1 3 -
U sn ic - - - -
V u lp in ic “ • “ "
^ c h w e p p e  *s r e a g e n t  
^ B ro m o c re so l g r e e n  
cA c e to n e im e th a n o l (1 * 1 ) 
dA c e t o n e i a c e t i c  a c i d »w a te r  ( 851 IO 15)
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t h e i r  s p o t s  w ere s im p ly  s p ra y e d  w ere  d e v e lo p e d  i n  a c e to n e i  
m e th a n o l (1 * 1 )  (S y stem  I ) .  The unknown had  a n  Rp  v a lu e  o f  
0 ,8 1 0  i n  t h i s  sy s te m  w h ich  upon  c o m p a r is o n  w i th  th e  s t a n ­
d a rd s *  p e r m i t t e d  many o f  them  t o  be  e l i m i n a t e d .  S u b se q u e n t 
TLC i n  a c e t o n e l a c e t i c  a c i d i w a t e r  (8 5 * 1 0 * 5 ) (S y stem  I I ) ,  
w here th e  Rp  o f  th e  unknown was 0 .9 8 0 ,  e l im i n a t e d  s e v e r a l  
a d d i t i o n a l  com pounds. Of th o s e  a c id s  w h ich  re m a in e d  a s  
p o s s i b i l i t i e s ,  i t  was n o te d  t h a t  i t  m ost c l o s e l y  re s e m b le d  
a  s t r a i g h t - c h a i n ,  c o m p le te ly  s a t u r a t e d ,  u n s u b s t i t u t e d ,  d i -  
c a r b o x y l i c  a c id  ( e . g .  a d i p i c  a c i d ) .  H ow ever, th e  Rp  v a lu e s  
d id  n o t  a l lo w  a  d e f i n i t e  i d e n t i f i c a t i o n .  The d i c a r b o x y l i c  
a c id s  w ere t h e r e f o r e  i d e n t i f i e d  u s in g  g a s - l i q u i d  c h ro m a to g ­
r a p h y ,  M e th y l e s t e r s  w ere p r e p a r e d  o f  b o th  th e  s ta n d a r d s  
an d  th e  unknow n, R^ v a lu e s  o f  t h e  s t a n d a r d s  w ere c a l c u l a t e d  
an d  fo u n d  t o  be a s  i n d i c a t e d  i n  T a b le  2 2 . I n j e c t i o n  o f  th e  
p e rm a n g a n a te  o x id a t io n  p ro d u c ts  o f  e p i r o d i n  m ix  gav e  p e a k s  
w i th  Rip v a l u e s  t h a t  i n d i c a t e d  th e  p r e s e n c e  o f  s u b e r i c  and  
a z e l a i c  a c i d s .  The e l u t i o n  p a t t e r n  o f  b o th  th e  s ta n d a r d  
a c id s  and  th e  unknow ns a r e  i l l u s t r a t e d  i n  F ig .  4 3 . I d e n t i ­
c a l  v o lu m es o f  s o l u t i o n  w ere  r e s o lv e d  a t  th e  same s e n s i t i v ­
i t y  s e t t i n g s  s o  t h a t  th e  ch ro m ato g ram s w ould  be c o m p a ra b le .
To in s u r e  t h a t  th e  d i c a r b o x y l i c  a c id  i d e n t i f i c a t i o n  was 
c o r r e c t ,  e q u a l  vo lum es o f  th e  r e a c t i o n  p r o d u c t s  an d  s ta n d a r d s  
w ere  m ixed and  i n j e c t e d  a t  th e  same s e t t i n g s  p r e v i o u s l y  
u s e d .  The s t a n d a r d s  a p p e a re d  a s  th e y  had  b e f o r e  b u t  w i th  
a n  i n c r e a s e  i n  th e  Cg and  p e a k s  ( F ig .  4 4 ) .  The in c r e a s e  
i n  p e a k  h e i g h t  c o r re s p o n d e d  t o  th e  sum t o t a l  o f  th e  p ea k
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TABIE 2 2 . 
o f  D ic a rb o x y l ic  A c id s .
I8 if
No. o f  C a rb o n s A cid «Ta
3 M alon ic 1 .0 0
if S u c c in ic 1 .1 8
5 G lu ta r i c 1 .7 1
6 A d ip ic 2 .3 6
7 P im e lic 3 .1 2
8 S u b e r ic if. 24
9 A z e la ic 5 .5 5
10 S e b a c ic 7 . if 7
11 U n d eca n e d io ic 9 .8 9
12 D o d e c a n e d io ic 1 3 .0 5
a  R e l a t i v e  r e t e n t i o n  t im e s  b a s e d  on m a lo n ic  a c i d .
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1 F ig u r e  43 . GLC E l u t i o n  P a t t e r n s  f o r  A, th e  S ta n d a r d  D ic a r ­
b o x y l i c  ^ c i d s ,  and  B , th e  Unknown O x id a t io n  
P r o d u c t  from  E p i r o d in  M ix.
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F ig u re  4 4 . GLC E l u t i o n  P a t t e r n  f o r  th e  M ixed Sam ple o f  
S ta n d a r d  D ic a r b o x y l ic  A c id s  and  th e  Unknown 
O x id a t io n  P ro d u c t  from  E p i r o d in  M ix.
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h e i g h t s  o b s e rv e d  w ith  th e  i n d i v i d u a l  s o l u t i o n s .  The p ea k  
h e i g h t  f o r  s u b e r i c  a c id  i n  th e  s ta n d a r d  m ix tu r e  w as 42 mm 
w h ile  th e  a n a lo g o u s  p ea k  o f  th e  o x id a t io n  m ix tu r e  w as 14 mm. 
The sum o f  t h e s e  tw o p e a k s  was 56 mm a s  com pared  t o  th e  h e i g h t  
o f  59  ram o b ta in e d  when th e s e  tw o s o l u t i o n s  w ere  m ix e d . I n  
th e  c a s e  o f  a z e l a i c  a c i d ,  th e  i n d i v i d u a l  p e a k  h e i g h t s  f o r  
th e  s t a n d a r d  and  th e  unknown w ere 36  mm an d  28 mm, r e s p e c t ­
i v e l y .  The sum was 64  mm a s  com pared  t o  th e  h e i g h t  o f  66  mm 
o b s e rv e d  f o r  th e  tw o s o l u t i o n s  t o g e t h e r .  A ls o ,  t h e r e  was 
n o  sk ew in g  o f  th e  p e a k s  o b s e rv e d  when th e  s o l u t i o n s  w ere  m ix ed . 
T h e se  r e s u l t s  w ere ta k e n  a s  b e in g  c o n c lu s iv e  e v id e n c e  t h a t  
p o ta s s iu m  p e rm an g an a te  o x id a t io n  o f  e p i r o d i n  m ix  d o e s  in d e e d  
y i e l d  s i g n i f i c a n t  am ounts o f  s u b e r ic  and  a z e l a i c  a c i d s ,  and  
m o s t ly  th e  l a t t e r ,
1 0 . S a p o n i f i c a t i o n  o f  E p i r o d in  M ix . E p i r o d in  m ix was 
s a p o n i f i e d  an d  n e u t r a l i z a t i o n  e q u i v a l e n t s  w ere d e t e r m in e d .
D a ta  a r e  p r e s e n t e d  i n  T a b le  2 3 . The a v e ra g e  e q u i v a l e n t  
w e ig h t  was c a l c u l a t e d  t o  be 3 3 0 . U sin g  a  m o le c u la r  w e ig h t 
o f  953  f o r  e p i r o d i n ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e r e  a r e  
9 5 3 /3 3 0  o r  2 .8 9  a c id  g ro u p s  p e r  m o le c u le  o f  s a p o n i f i e d  e p i ­
r o d i n .  The u n s a p o n if i e d  compound was shown t o  p o s s e s s  2 .0 8  
a c i d  f u n c t i o n s .  T h is  s u g g e s ts  t h a t  e p i r o d i n  c o n t a i n s  tw o 
f r e e  a c id  g ro u p s  and  one e s t e r  f u n c t io n  w h ich  c a n  be h y d ro ­
ly z e d  t o  y i e l d  a  t o t a l  o f  t h r e e  f r e e  a c id  g ro u p s .
The v i s i b l e  s p e c tru m  o f  a  20 u g /m l s o l u t i o n  o f  s a p o n i ­
f i e d  e p i r o d i n  m ix i n  95£ e th a n o l  i s  i l l u s t r a t e d  i n  P ig .  4 5 .
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TABLE 23.
S a p o n if i e d E p i r o d in  M ix.
Sam ple W eigh t 
(mg)
Ml B la n k 8, Ml S am plea N e u t r a l i z a t i o n
E q u iv a le n t
1 .4 0 0 .0 5 0 .4 7 330
1 .2 4 0 .0 5 0 .4 1 344
1 .3 0 0 .0 5 0 .4 5 325
1 .2 0 0 .0 5 0 .4 2 321
a  0 .0 1 0 0 8  N NaOH
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F ig u re  4 5 . V i s ib l e  A b s o rp t io n  S p ec tru m  o f  S a p o n i f i e d  E p i ­
r o d i n  M ix.











W A V E L E N G T H  (N M)
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I t  i s  l i k e  t h a t  o f  th e  o r i g i n a l  compound i n d i c a t i n g  t h a t  
s a p o n i f i c a t i o n  d id  n o t  a f f e c t  th e  ch ro m o p h o re .
T h in  l a y e r  ch ro m a to g ra p h y  was u se d  t o  d e te rm in e  w h e th e r  
o r  n o t  b a s i c  h y d r o ly s i s  r e s u l t e d  i n  f r a g m e n ta t io n  o f  th e  
e p i r o d i n  m o le c u le ,  A ch ro m ato g ram  d e v e lo p e d  i n  a c e to n e s  
m e th a n o lsb e n z e n e  (3 * 3 * 2 ) i s  p r e s e n t e d  i n  F ig .  4 6 . F o r  e a c h  
com pound, 10 u l  o f  a  1 .0  m g/ml s o l u t i o n  w ere a p p l i e d .  As 
a lw a y s , e p i r o d i n  m ix a p p e a re d  a s  tw o s p o t s .  The s a p o n i f i e d  
e p i r o d i n  m ix  c o n ta in e d  t r a c e  am ounts o f  th e  o r i g i n a l  com­
p o unds a s  s e e n  b y  f a i n t  s p o ts  c o r r e s p o n d in g  t o  th o s e  o f  e p i ­
r o d i n .  H ow ever, t h e r e  w ere tw o o th e r  s p o t s  w i th  lo w e r  Rp  
v a l u e s  an d  c o l o r s  i n t e n s i t i e s  co m p a ra b le  t o  e p i r o d i n  m ix . 
C h a r r in g  w i th  s u l f u r i c  a c id  p ro d u c e d  no  a d d i t i o n a l  s p o t s .  
A ssum ing  th e  tw o s p o t s  o f  th e  b a s i c  h y d r o ly s i s  p r o d u c t  
c o r r e s p o n d  t o  s a p o n i f i e d  v e r s io n s  o f  th e  tw o s p o t s  o f  e p i ­
r o d i n  m ix , e p i r o d i n  m u st c o n t a in  a  l a c to n e  r a t h e r  th a n  an  
e s t e r .  O th e rw is e ,  th e  m o le c u le  w ould  hav e  b e e n  fra g m e n te d  
an d  a d d i t i o n a l  s p o t s  s h o u ld  h ave  b e e n  o b s e r v e d .  O pen ing  o f  
a  l a c t o n e ,  on th e  o th e r  h a n d , w ould  r e s u l t  i n  th e  same num­
b e r  o f  s p o t s ,  b u t  w i th  d i f f e r e n t  Rp  v a l u e s  due t o  th e  change 
i n  th e  s t r u c t u r e  o f  th e  m o le c u le .  T h a t e p i r o d i n  i s  in d e e d  
a  l a c to n e  w as c o n f irm e d  b y  a l lo w in g  th e  s a p o n i f i e d  c ompound 
t o  r e m a in  i n  d i l u t e  HC1 f o r  24  h o u r s ,  TLC o f  th e  s o l u t i o n  
show ed th e  Rp  v a lu e s  o f  th e  tw o s p o t s  t o  r e v e r t  b a c k  t o  
th o s e  o f  th e  o r i g i n a l  e p i r o d i n  m ix . The d e m o n s t r a t i o n  o f  
e p i r o d i n  a s  a  l a c to n e  i n t e n s i f i e s  i t s  r e l a t i o n s h i p  t o  th e  
p o ly e n e  m a c ro l id e  a n t i b i o t i c s .  The tw o th i n g s  w h ich  th e y
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. TLC o f  E p i r o d in  Mix (1 )  and  S a p o n i f i e d  E p i r o d in  
M ix ( 2 ) ,  D ev e lo p ed  i n  A ce to n e  1M e th a n o l1B enzene 
(3 * 3 * 2 ) .
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a l l  h av e  i n  common a r e  th e  p o ly e n e  ch rom ophore  and  th e  l a c ­
to n e  r i n g ,  b o th  o f  w h ich  a r e  p r e s e n t  i n  e p i r o d i n .
11.. Sodium  B o ro h y d r id e  R e d u c tio n  o f  E p i r o d in  M ix . A 
sam p le  o f  e p i r o d i n  was re d u c e d  w i th  NaBH^ i n  t e t r a h y d r o f u r a n  
(T H F). As th e  r e a c t i o n  p ro c e e d e d , th e  c o l o r  o f  th e  s o l u t i o n  
ch a n g ed  from  a  b r i g h t  o r a n g e - r e d  t o  more o f  a  p a l e  o ran g e  
c o l o r .  Upon c o m p le t io n  o f  th e  r e a c t i o n ,  a n  a l i q u o t  o f  th e  
THF l a y e r  was ta k e n  t o  d ry n e s s  i n  v a c u o . The r e s id u e  was 
e x t r a c t e d  w i th  e t h e r ,  and  th e  e x t r a c t  was d r i e d  and  th e n  r e ­
d i s s o l v e d  i n  e t h a n o l  a t  a  c o n c e n t r a t i o n  o f  75 u g /m l. The 
v i s i b l e  a b s o r p t i o n  s p e c tru m  o f  t h i s  s o l u t i o n  i s  p r e s e n t e d  
i n  F i g .  4 7 . W hile  e p i r o d i n  p ro d u c e d  a  s i n g l e ,  b ro a d  p e a k ,  
i t s  NaBH^ re d u c e d  c o u n t e r p a r t  g ave  a  s e r i e s  o f  much f i n e r  
p e a k s .  I n  a d d i t i o n ,  th e  a b s o r p t i o n  maximum was s h i f t e d  t o  
a  s h o r t e r  w a v e le n g th .
U nder th e  e x p e r im e n ta l  c o n d i t i o n s  u s e d ,  b o r o h y d r id e  i s  
c a p a b le  o f  r e d u c in g  e s t e r  f u n c t io n s  ( 4 6 ) .  The a b s o r p t i o n  
maximum i n  th e  U V -v is ib le  s p e c tru m  o f  e p i r o d i n  had  i n d i c a t e d  
a  ch rom ophore  o f  a n  e s t e r  ( o r  l a c t o n e )  g ro u p  i n  c o n j u g a t i o n  
w i th  s e v e n  d o u b le  b o n d s . The l a c k  o f  f i n e  s t r u c t u r e  had 
b e e n  a t t r i b u t e d  t o  a  c a rb o n y l  i n  c o n j u g a t i o n  w i th  th e  p o ly ­
en e  s y s te m . A c c o rd in g  t o  O ro sh n ik  ( 2 3 ) ,  s u c h  a  s y s te m  a l ­
w ays " d e g ra d e s "  th e  s p e c t r a l  f i n e  s t r u c t u r e ,  w h ich  i n  p o ly ­
en e  k e to n e s  o r  s h o r t - c h a i n  a c id s  i s  c o m p le te ly  o b l i t e r a t e d .  
I n  p o ly e n e  a c id s  o r  e s t e r s  c o n t a in i n g  f i v e  o r  more c o n ju g a ­
t e d  d o u b le  b o n d s ,  on th e  o th e r  h a n d , th e  d e g r a d a t io n  i s  l e s s
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F ig u re  4 7 . U V -V is ib le  A b s o rp t io n  S p ec tru m  o f  N aBH ^-Reduced 
E p i r o d in  Mix i n  E th a n o l .
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d r a s t i c .  Upon r e d u c t io n  o f  th e  c o n ju g a te d  c a rb o n y l  g r o u p , 
t h e  ch rom ophore  o f  e p i r o d i n  p r e s e n te d  i t s e l f  a s  a  s e r i e s  o f  
8 - 9  s h a r p  p e a k s  i n s t e a d  o f  th e  s i n g l e  b ro a d  p e a k  w i th  s h o u l ­
d e r s  on e i t h e r  s i d e ,
H a m i l to n - M il le r  (2 8 )  a l s o  d i s c u s s e s  th e  e f f e c t  o f  c o n ju ­
g a t e d  c a rb o n y l  g ro u p s  on th e  p o ly e n e  s p e c t ru m , s p e c i f i c a l l y  
a s  iff fo u n d  i n  th e  p e n ta e n e  f la v o f u n g in  an d  th e  h ex a e n e  d e r -  
m o s t a t i n ,  b o th  o f  w h ich  a r e  p o ly e n e  m a c ro l id e  a n t i b i o t i c s .
He r e p o r t s  t h a t  i n  th e s e  com pounds, th e  u s u a l  ty p e  o f  p o ly ­
e n e  s p e c t ru m  i s  a b s e n t .  I n s t e a d ,  s i n g l e  p e a k s  a r e  o b s e rv e d , 
and  th e y  a r e  a t  lo n g e r  w a v e le n g th s  th a n  w ould  be e x p e c te d .  
T h is  phenom enon he a t t r i b u t e s  t o  th e  ch rom ophore  <
-£-<ch-ch)5 or 6
w h ich  v i r t u a l l y  m akes th e  p e n ta e n e  i n t o  a  h ex a en e  an d  th e  
h ex a en e  i n t o  a  h e p ta e n e .  The s p e c t r a  o f  tw o h e p t a e n e s ,  c a n -  
c a n d id  i n  an d  a s o o n s in ,  i n  e t h a n o l  a r e  p r e s e n te d  i n  F i g .  22 
( 2 3 ) .  A b s o r p t io n  maxima o c c u r  a t  w a v e le n g th s  v i r t u a l l y  id e n ­
t i c a l  t o  th o s e  o f  r e d u c e d  e p i r o d i n .  F o r  e x a m p le , w h ile  th e  
lo n g e s t  w a v e le n g th  f o r  c o n d id in  i s  407 nm, t h a t  o f  re d u c e d  
e p i r o d i n  i s  4 0 ?  nm. As one p r o g r e s s e s  t o  s h o r t e r  w a v e le n g th s ,  
one s e e s  p e a k s  a t  383 and  364  nm f o r  c a n d id in ,  an d  a t  384  
an d  364  nm f o r  r e d u c e d  e p i r o d i n .  T hese  d a t a  i n d i c a t e  q u i t e  
c o n c l u s i v e l y  t h a t  th e  ch rom ophore  o f  e p i r o d i n  d o e s  in d e e d  
c o n s i s t  o f  a  l a c to n e  i n  c o n ju g a t io n  w i th  a  s e v e n  d o u b le  bond 
s y s te m .
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1 2 . S t r u c t u r e  o f  E p i r o d i n . From th e  r e s u l t s  o f  th e  
v a r i o u s  s p e c t r o s c o p i c  and  c h e m ic a l  m e thods u sed  i n  th e  a n a l ­
y s i s  o f  e p i r o d i n ,  a  w o rk in g  s t r u c t u r e  f o r  th e  e p i r o d in  m ol­
e c u le  c a n  be p ro p o s e d .  By m ass s p e c t r o m e tr y  th e  m o le c u la r  
w e ig h t  o f  th e  e p i r o d i n  m o le c u le  was e s t i m a t e d  a t  9 5 3 . The 
e l e m e n ta l  a n a l y s i s  showed th e  m o le c u le  t o  be com posed o f  
5 8 .2 4 #  c a rb o n ,  7 .8 0 #  h y d ro g e n , and  no  n i t r o g e n .  U sing  s o ­
d ium  f u s io n  and  B e i l s t e i n ' s  t e s t ,  B u ck ley  (1 8 )  showed no 
h a lo g e n s  o r  s u l f u r  a tom s t o  be p r e s e n t .  Thus e p i r o d in  i s  
com posed o n ly  o f  c a rb o n ,  h y d ro g e n , and  oxygen .
S p e c t r o s c o p ic  s t u d i e s  w ere a b l e  t o  p ro v id e  much i n f o r ­
m a tio n  c o n c e rn in g  th e  s t r u c t u r e  o f  e p i r o d i n .  U V -v is ib le  
a b s o r p t i o n  s p e c t r a  w ere t r a n s p a r e n t  i n  th e  r e g io n s  w here 
a r o m a t ic  u n i t s  a b s o rb  th e r e b y  i n d i c a t i n g  no  a ro m a tic  m o ie ty  
t o  be p r e s e n t .  The b ro a d  s h o u ld e r e d  p ea k  a t  429 nm was 
i n d i c a t i v e  o f  a  - 0 -g - (C * C ) ^ -  c h ro m o p h o re . I n f r a r e d  s p e c t r a  
r e i n f o r c e d  th e  a b s e n c e  o f  a r o m a t ic  g r o u p s .  They showed 
e p i r o d i n  t o  c o n t a in  h y d ro x y l ,  m e th y l ,  and  m e th y le n e  g ro u p s .  
I n  a d d i t i o n ,  a  s t r o n g  c a rb o n y l  b and  a p p e a re d .  The wave 
num ber a t  w h ich  t h i s  g ro u p  a b s o rb e d  i n d i c a t e d  i t  t o  be an  
e s t e r  i n  c o n j u g a t i o n  w ith  a  d o u b le  b o n d . T h is  in f o r m a t io n  
a lo n g  w i th  b an d s  c o r r e s p o n d in g  t o  -(C * C )n -  s u p p o r te d  th e  
s t r u c t u r e  o f  th e  U V -v is ib le  c h ro m o p h o re . The IR sp e c tru m  
a l s o  i n d i c a t e d  th e  a b s e n c e  o f  c i s  d o u b le  b o n d s , and  th e  
io d in e  i s o m e r i z a t io n  r e a c t i o n s  i n d i c a t e d  t h a t  th e  d o u b le  
bo n d s w ere t r a n s .
C h a r a c t e r i z a t i o n  t e s t s  on e p i r o d i n  showed i t  t o  c o n t a in
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no a ld e h y d e  o r  k e to n e  f u n c t i o n s .  A p o s i t i v e  h y d ro x y la m in e  
h y d r o c h lo r id e  r e a c t i o n  i n d i c a t e d  e i t h e r  a n  e s t e r  o r  a  l a c to n e  
g r o u p in g .  F a i l u r e  t o  c le a v e  th e  e p i r o d in  m o lecu le  i n t o  tw o 
f ra g m e n ts  f o l l o w i n g  s a p o n i f i c a t i o n  e l im i n a te d  th e  p o s s i b i l i t y  
o f  a n  e s t e r .  E p i r o d i n f th e r e f o r e *  m ust c o n t a in  a  la c to n e  
f u n c t io n .
H y d ro x y l g ro u p s  w ere  i n d i c a t e d  by  th e  i n f r a r e d  s p e c t r u m . 
E p i r o d in  w as show n t o  be s e n s i t i v e  t o  p e r i o d a t e .  I n  q u a n ­
t i t a t i n g  t h i s  s e n s i t i v i t y ,  i t  was p o s s i b l e  t o  d e m o n s t ra te  
th e  p r e s e n c e  o f  2 .4 8  -C H (0H )-C H (0H )- g r o u p in g s .  When th e  
re s p o n s e  o f  e p i r o d i n  t o  p e r i o d a t e  was c h e ck ed  f o l lo w in g  th e  
s a p o n i f i c a t i o n  o f  e p i r o d i n ,  3 .6 2  g ro u p in g s  w ere i n d i c a t e d .
T h is  im p l ie s  t h a t  t h e r e  i s  a  m asked g ly c o l  in v o lv e d  i n  th e  
l a c t o n e ,  -0-C H 2 -C H (0 H )-. By d e r i v a t i z i n g  one o f  th e  f r a g m e n ts  
p ro d u ced  b y  p e r i o d a t e  c l e a v a g e ,  i t s  s t r u c t u r e  was d e te rm in e d  
t o  be i
H H H H
R -C -C -(C H --C  k - C - R '
OHOH OH OH
D e te r m in a t io n  o f  th e  n e u t r a l i z a t i o n  e q u i v a l e n t  show ed 
e p i r o d in  t o  c o n t a i n  tw o f r e e  a c id  g r o u p s .  The a b s e n c e  o f  
s u l f u r  a lo n g  w i th  th e  s o l u b i l i t y  i n  b ic a r b o n a te  made i t  n e ­
c e s s a r y  t h a t  t h e s e  be  c a r b o x y l ic  a c id  g r o u p s .  The i s o l a t i o n  
o f  th e  Cq an d  d i c a r b o x y l i c  a c i d s  f o l lo w in g  p e rm an g an a te  
o x id a t io n  i n d i c a t e d  t h a t  one o f  th e  f r e e  a c id  f u n c t io n s  m u s t 
be a t  th e  en d  o f  a  h y d ro c a rb o n  c h a in .  The o th e r  end  o f  t h i s  
s id e  c h a in  m u s t be b onded  t o  a  c a rb o n  in v o lv e d  i n  a  d o u b le  
b o n d . The s e c o n d  f r e e  a c id  g ro u p  i s  p r o b a b ly  bonded t o  a  
c a rb o n  w h ich  i s  a d j a c e n t  t o  a  h y d ro x y l-b o n d e d  ca rbon*
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-CH-<?H- , This would account for the lack of integers in 
6h COOH
d e te r m in in g  p e r i o d a t e  s e n s i t i v i t y .  Such  a  g r o u p in g  i s  
c le a v e d  b u t  n o t  q u a n t i t a t i v e l y ,  and  w ould e x p l a in  th e  2 .4 8  
an d  3 .6 2  w h ich  w ere o b ta in e d .
C om bin ing  th e s e  d a t a ,  th e  a u t h o r  p ro p o s e s  th e  s t r u c ­
t u r e  o f  e p i r o d i n  t o  be s i m i l a r  t o  t h a t  shown i n  F ig ,  4 8 . The 
p o s i t i o n  o f  th e  m asked g ly c o l  and  th e  ch rom ophore a r e  c e r ­
t a i n .  The c a r b o x y l i c  a c id  s id e  c h a in  i s  p la c e d  a t  th e  end  
o f  th e  ch ro m o p h o re  i h o w ev e r, i t s  p o s i t i o n  th e r e  i s  n o t  d e f ­
i n i t e .  A l l  t h a t  i s  known i s  t h a t  i t  m ust be l o c a t e d  s u c h  
t h a t  i t  i s  e x t e n d in g  o u t  from  th e  r i n g ,  and  i t  m ust n o t  i n ­
t e r f e r e  w i th  t h e  a l l - t r a n s  c o n f i g u r a t i o n  o f  e p i r o d i n .  A ls o ,  
b a s e d  on th e  m echan ism  o f  i n h i b i t i o n  by  e p i r o d i n  w h ich  w i l l  
be d is c u d s e d  l a t e r ,  th e  c o n ju g a te d  sy s te m  s h o u ld  be f r e e  an d  
n o t  m asked b y  a  lo n g  s id e  c h a in  i n  th e  m id d le  o f  i t .  The 
sec o n d  f r e e  a c i d  g ro u p  h a s  b e e n  p la c e d  a d j a c e n t  t o  th e  h y ­
d ro x y l  o f  th e  m asked g l y c o l  b e c a u se  i n  a l l  o f  th e  p o ly e n e  
a n t i b i o t i c s  w here  t h e r e  i s  s u c h  a  g ro u p , i t  i s  a t  t h i s  l o ­
c a t i o n ,  The h y d r o x y la te d  c h a in  i s  a l s o  p la c e d  i n  a  p o s i t i o n  
a n a la g o u s  t o  th e  o t h e r  p o ly e n e  com pounds. M eth y l g ro u p s  a r e  
p r e s e n t  a s  i n d i c a t e d  by  IR , b u t  th e  num ber o f  them  i s  n o t  
know n. N or i s  i t  p o s s i b l e  t o  d e te rm in e  w here th e y  s h o u ld  
be b a s e d  on o t h e r  com pounds, b e c a u se  th e y  do  n o t  seem  t o  
o c c u r  i n  a n y  s p e c i f i c  p l a c e .  I n  an y  c a s e ,  s u c h  a  s t r u c t u r e  
f o r  th e  e p i r o d i n  m o le c u le  w ould  a c c o u n t  f o r  th e  d a t a  ob­
t a i n e d  i n  t h i s  w o rk .
The m o le c u la r  w e ig h t  h a s  b e e n  e s t im a te d  a t  953 w i th  a n
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e m p i r i c a l  fo r m u la  o f  The p ro p o s e d  s t r u c t u r e  a c c o u n ts
f o r  816 and  h a s  th e  fo r m u la  T h e re  re m a in  3 c a r ­
bon  a to m s , 8 h y d ro g e n  a to m s , and  7 oxygen a tom s w h ich  s h o u ld  
be i n c o r p o r a te d  i n t o  th e  s t r u c t u r e .  M eth y l g ro u p s  a r e  com­
m only fo u n d  on th e  c a rb o n  s k e l e to n s  o f  th e  p o ly e n e  m a c ro -  
l i d e  a n t i b i o t i c s ,  an d  t h e i r  p r e s e n c e  was s u g g e s te d  by  th e  IR 
s p e c t ru m . H ow ever, t h e  num ber o f  g ro u p s  and  t h e i r  l o c a t i o n  
was n o t  d e t e r m in e d .  The d i s c r e p a n c y  i n  th e  num ber o f  oxy­
g e n  a tom s may r e f l e c t  th e  h y d ro s c o p ic  n a tu r e  o f  e p i r o d i n  .
T h e re  i s  one a n o m a ly , h o w ev e r, w h ich  c a n n o t  be o v e r ­
lo o k e d  i f  e p i r o d i n  i s  t o  be in c lu d e d  i n  th e  p o ly e n e  g ro u p  
o f  a n t i b i o t i c s .  T h a t  i s  th e  f a c t  t h a t  a l l  o f  th e  p o ly e n e s  
e n c o u n te r e d  th u s  f a r  h ave  b e e n  i s o l a t e d  from  members o f  th e  
S t r e p t o a v c e t a c e a e . n a m e ly , S t r e p to m y c e s . S t r e p t o v e r t i c i l l i u m . 
and  C h a in a . The m a j o r i t y  come from  S tr e p to m y c e s . E p i r o d in ,  
on th e  o th e r  h a n d , w as i s o l a t e d  from  E p icoccum  n ig ru m , a  
member o f  th e  F u n g i I m p e r f e c t i .  Thus th e  q u e s t i o n  m ig h t 
a r i s e  a s  t o  w h e th e r  o r  n o t  s u c h  o rg a n ism s  w ith  c o m p le te ly  
d i f f e r e n t  c e l l  s y s te m s  c a n  p ro d u c e  th e  same ty p e  o f  com ponds. 
H ow ever, i n  d i s c u s s i n g  th e  b i o s y n t h e s i s  o f  th e  p o ly e n e s ,  
H a m i l to n - M il le r  (2 8 )  s t a t e s  t h a t  ” th e  s t r u c t u r e s  o f  a l l  th e  
p o ly e n e s  s o  f a r  e l u c i d a t e d  a r e  g e n e r a l l y  c o n s i s t e n t  w i th  a  
b i o s y n t h e t i c  p a th w a y  in v o l v in g  c o n d e n s a t io n  o f  a c e t a t e  and  
p r o p io n a te  u n i t s  ( t h e  p o ly k e t id e  p a th w a y )" . As d i s c u s s e d  by  
T u rn e r  ( 7 0 ) ,  t h e  p o ly k e t id e  r o u t e  i s  u sed  m a in ly  by  f u n g i ,  
and  t o  a  l e s s e r  e x t e n t  by  b a c t e r i a  and  h ig h e r  p l a n t s .  I n  
an y  c a s e ,  i t  l e a d s  a lm o s t  e x c l u s i v e l y  t o  s e c o n d a ry  m e ta b o -
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l i t e s .  He g o e s  on t o  s a y  " p o ly k e t id e s  a r e  th e  c h a r a c t e r ­
i s t i c  s e c o n d a ry  m e ta b o l i t e s  o f  th e  F u n g i I m p e r f o c t i . " T h e re ­
f o r e ,  s i n c e  th e  p o ly e n e s  a r e  p r o d u c ts  o f  th e  p o ly k e t id e  
p a th w a y , an d  t h i s  p a th w a y  i s  c h a r a c t e r i s t i c  o f  th e  c l a s s  o f  
f u n g i  t o  w h ic h  B picoccum  n ig ru m  b e lo n g s ,  th e r e  i s  no  r e a s o n  
why th e  sam e ty p e  o f  p o ly e n e  compound c o u ld  n o t  be p ro d u c e d  
a s  a  s e c o n d a ry  m e ta b o l i t e  by  a  fu n g u s .  Thus th e  p ro p o s e d  
s t r u c t u r e  f o r  e p i r o d i n  i s  c o n s i s t e n t  w ith  th e  b i o s y n t h e t i c  
c a p a b i l i t i e s  o f  E . n ig ru m .
I n  s tu d y in g  th e  p ig m e n ts  o f  B . n ig ru m . F oppen  (1 )  ob­
ta i n e d  d a t a  s u g g e s t in g  t h a t  some o f  th e  r e d  p ig m e n ts  p r o ­
du ced  by  th e  fu n g u s  w ere hum ic a c i d s .  H ow ever, i n v e s t i g a t i o n  
i n t o  th e  p ig m e n ts  o f  th e  UNH s t r a i n  i n d i c a t e s  t h a t  t h i s  i s  
n o t  th e  c a s e .  The hum ic a c id s  have b e e n  shown t o  c o n t a i n  
b o th  p h e n o ls  an d  hum ic a c i d s .  They a r e  p ig m en te d  o n ly  t o  
a  s l i g h t  d e g r e e  and  a r e  a  p a le  brow n c o l o r .  The in t e n s e  
o r a n g e - r e d  o f  c u l t u r e  b r o th  i n  w h ich  E . n ig ru m  i s  g ro w in g  
i s  shown t o  be  due t o  e p i r o d i n  i n s t e a d .  T h is  compound b e a r s  
no  re s e m b la n c e  w h a ts o e v e r  t o  th e  hum ic a c i d s .  W hile  th e  
hum ic a c i d s  h av e  l a r g e  e x t i n c t i o n  c o e f f i c i e n t s  i n  th e  a r o m a t ic  
r e g io n s  o f  t h e  UV a b s o r p t i o n  s p e c t ru m , e p i r o d i n  i s  t r a n s ­
p a r e n t .  H u a ic  a c id  c o n t a in s  n i t r o g e n ,  e p i r o d in  d o e s  n o t .
Humic a c id  h a s  no  b i o l o g i c a l  a c t i v i t y i  e p i r o d in  h a s  s i g n i f i ­
c a n t  a c t i v i t y .  Thus th e  r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  
show t h a t  t h e  c o l o r  o f  e p i r o d i n  b e a r s  no  r e l a t i o n  t o  th e  p r e s ­
en c e  o f  hum ic  a c i d s .
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H. N a tu re  o f  th e  B io l o g ic a l  A c t i v i t y  o f  E p i r o d in  M ix .
G e n e r a l ly  s p e a k in g ,  th e  p o ly e n e  m a c ro l id e  a n t i b i o t i c s  
a r e  i n a c t i v e  a g a i n s t  S c h iz o m v c e te s . and  a c t i v e  t o  v a r i o u s  d e ­
g r e e s  a g a i n s t  y e a s t s  and  d im o rp h ic  f u n g i ,  d e rm a to p h y te s ,  and  
m o ld s . C e r t a i n  p o ly e n e s ,  h o w ev e r, l i k e  r e s i s t a p h y l i n  and 
d e r m o s t a t i n ,  do  show  s i g n i f i c a n t  a c t i v i t y  a g a i n s t  b a c t e r i a .  
E p i r o d in  m ix h a s  b e e n  shown t o  i n h i b i t  th e  g ro w th  o f  B. s u b ­
t i l l s ,  and  t o  a  l e s s e r  d e g r e e ,  C . p y r e n o id o s a . I t  h a s  a l s o  
b e e n  d e m o n s t r a te d  t o  be l e t h a l  t o  A . s a l l n a . The f o l lo w in g  
s t u d i e s  w ere p e rfo rm e d  i n  o r d e r  t o  g a i n  i n s i g h t  i n t o  th e  m ech­
a n ism  b y  w h ich  e p i r o d i n  e x e r t s  i t s  t o x i c i t y .
i *  A n t i b a c t e r i a l  A c t i v i t y  o f  E p i r o d in . C u l t u r e s  o f  
B. s u b t l l i s  c o n t a in i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  e p i r o d i n  
w ere in c u b a te d  f o r  f o u r  h o u r s .  T ubes c o n t a in i n g  e p i r o d i n  a t  
0 ,2 5  m g /m l, 0 .5 0  m g/m l, and  1 .0 0  m g/m l d i s p la y e d  no  g ro w th , 
i n d i c a t i n g  b a c t e r i o s t a t i c  l e v e l s  o f  th e  com pound. A t c o n ­
c e n t r a t i o n s  o f  0 .1 2 5  mg/ml and b e lo w , e p i r o d i n  d id  n o t  i n h i ­
b i t  b a c t e r i a l  g ro w th .  The c u l t u r e  m ed ia  o f  th e  tu b e s  c o n ­
t a i n i n g  0 . 2 5 , 0 . 5 0 , and  1 .0 0  mg/ml w ere th e n  s t r e a k e d  o n to  
s o l i d  m e d ia . C o lo n ie s  a p p e a re d  i n  l e s s  th a n  24 h o u rs  f o r  a l l  
t h r e e  c o n c e n t r a t i o n s .  T hese  r e s u l t s  i n d i c a t e d  t h a t  e v e n  a t
I . 0 0  m g /m l, e p i r o d i n  i s  n o t  b a c t e r i o c i d a l .  V azquez (7 1 )  r e ­
p o r t s  t h a t  m o s t a n t i b a c t e r i a l  m a c ro l id e  a n t i b i o t i c s  (n o n ­
p o ly e n e ) ,  in c lu d in g  s p i r a m y c in  and  c a rb o m y c in , a r e  b a c t e r i o ­
s t a t i c .  H ow ever, a t  c o n c e n t r a t i o n s  4 -1 0  t im e s  th e  minimum
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
207
g ro w th  i n h i b i t o r y  c o n c e n t r a t i o n ,  t h e s e  com pounds a r e  b a c t e r ­
i o c i d a l .  E p i r o d in  c o u ld  n o t  be t e s t e d  a t  g r e a t e r  c o n c e n t r a ­
t i o n s  b e c a u se  o f  d i f f i c u l t i e s  e n c o u n te re d  r e g a r d in g  i t s  s o l ­
u b i l i t y .
2 ,  I n t e r a c t i o n  o f  E p i r o d in  w ith  S t e r o l s . I n  19 5 8 , 
G o t t l i e b  e t  a l .  (7 2 )  r e p o r t e d  t h a t  a d d i t i o n  o f  s e v e r a l  s t e r ­
o l s  ( e . g . ,  c h o l e s t e r o l ,  e r g o s t e r o l ,  s t i g m a s t e r o l ,  s i t o s t e r o l )  
t o  c u l t u r e  medium c o u ld  a n ta g o n iz e  th e  g ro w th  i n h i b i t i o n  by  
p o ly e n e  a n t i b i o t i c s .  Lampen e t  a l .  (7 3 )» w h ile  i n v e s t i g a t i n g  
th e  m echanism  by  w h ich  s t e r o l s  n u l l i f i e d  g ro w th  i n h i b i t i o n ,  
o b ta in e d  s p e c t r o p h o to m e t r ic  e v id e n c e  f o r  com plex  f o rm a t io n  
b e tw e en  th e  a n t i b i o t i c s  and  th e  s t e r o l .  They fo u n d  t h a t  i n ­
c u b a t io n  o f  th e  p o ly e n e  w i th  s t e r o l s  i n  aq u e o u s  m e d ia  had  a  
p ro n o u n ced  e f f e c t  on th e  s p e c t r a  o f  th e  a n t i b i o t i c s  w h ich  w as 
d i s t i n g u i s h e d  m a in ly  b y  a  d e c r e a s e  i n  th e  e x t i n c t i o n  c o e f f i ­
c i e n t  w i th  n o  s p e c t r a l  s h i f t .  The e f f e c t  o f  s t e r o l s  on th e  
s p e c tru m  o f  e p i r o d i n  m ix  i n  aq u e o u s  medium was exam ined  t o  
s e e  i f  e p i r o d i n  m ig h t e x e r t  i t s  t o x i c i t y  b y  a  m echanism  s im ­
i l a r  t o  t h a t  o f  th e  p o ly e n e  m a c ro l id e  a n t i b i o t i c s .
S o lu t i o n s  o f  e p i r o d i n  and  s t e r o l  w ere p r e p a re d  i n  v a r ­
y in g  p r o p o r t i o n s .  V i s ib l e  s p e c t r a  w ere o b ta in e d ,  and  i t  w as 
s e e n  t h a t  s t e r o l s  d id  in d e e d  c a u se  a  change t o  o c c u r ,  E rg o s ­
t e r o l  c a u se d  th e  m o s t d r a m a t i c  e f f e c t  w h ile  th e  e f f e c t s  o f  
s i t o s t e r o l  an d  c h o l e s t e r o l  w ere l e a s t  p ro n o u n c e d . S t ig m a s ­
t e r o l  had a n  i n t e r m e d ia t e  e f f e c t .  The a b s o rb a n c e  r e a d in g s  
o f  th e  e p i r o d i n  s o l u t i o n s  a r e  p r e s e n te d  i n  T a b le  24 and
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TABLE 2 4 .
A b so rb a n ce  R e a d in g s  o f  a  10 u g /m l S o lu t i o n  o f  E o i r o d in  M ix 
i n  S o lu t i o n s  C o n ta in in g  V a ry in g  C o n c e n tr a t i o n s  o f  S t e r o l . 8,
S t e r o l
A bso rbance
10 u g /m l 20  u g /m l 30  u g /m l 40 u g /m l 50  u g /m l
C h o l e s t e r o l 0 .4 0 5 0 .4 0 0 0 .3 6 0 0 .3 4 0 0 .3 3 0
E r g o s t e r o l 0 .3 9 5 0 .3 5 5 0 .3 2 0 0 .2 6 7 0 .2 1 5
S i t o s t e r o l 0 .4 1 0 0 .3 9 5 0 .3 7 5 - 0 .3 3 5
S t ig m a s t e r o l 0 .4 0 0 0 .3 8 0 0 .3 4 0 - 0 .2 8 0
S o l u t i o n s  i n  1 mM T r is -H C l -  10 mM N aC l, pK 7 .4 ,
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g ra p h e d  i n  F ig .  4 9 . As c a n  be  s e e n ,  th e  a b s o rb a n c e  d e c re a s e d  
l i n e a r l y  w i th  i n c r e a s i n g  am ounts o f  s . t e r o l .  The s p e c t r a  o f  
e p i r o d i n  w i th  d i f f e r i n g  am ounts o f  e r g o s t e r o l  a r e  p r e s e n te d  
i n  F ig .  50  a s  a  r e p r e s e n t a t i v e  sam p le  o f  th e  e f f e c t  o f  s t e r o l s .  
As w i th  th e  p o ly e n e  a n t i b i o t i c s ,  no  s p e c t r a l  s h i f t  was ob­
s e r v e d ,  o n ly  a  d e c r e a s e  i n  th e  a b s o rb a n c y . The a b s o rb a n c e  o f  
a  c o n t r o l  s o l u t i o n  c o n t a in i n g  a n  e q u a l  am ount o f  e p i r o d i n  b u t  
no s t e r o l  w as 0 .4 3 5 . Thus a t  a  s t e r o l 1e p i r o d i n  r a t i o  o f  5 * 1 , 
c h o l e s t e r o l  w as a b l e  t o  r e d u c e  th e  a b s o rb a n c e  o f  e p i r o d i n  t o  
76#  o f  th e  o r i g i n a l  v a l u e ,  w h ile  e r g o s t e r o l  r e d u c e d  i t  t o  4 9 .5 # »  
s i t o s t e r o l  t o  77#» an d  s t i g m a s t e r o l  t o  6 4 .5 # ,
U sin g  f l u o r e s e n c e  t e c h n iq u e s ,  i t  was shown t h a t  s t e r o l s  
cure a l s o  c a p a b le  o f  q u e n c h in g  th e  f lu o r e s e n c e  o f  e p i r o d i n .
The f l u o r e s e n c e  i n t e n s i t i e s  o f  e p i r o d i n  w i th  v a r i o u s  am oun ts  
o f  c h o l e s t e r o l  a r e  shown i n  T a b le  2 5 . U n lik e  th e  e f f e c t  on 
a b s o r b a n c e ,  t h e  d e c r e a s e  i n  f lu o r e s e n c e  was n o t  l i n e a r l y  p r o ­
p o r t i o n a l  t o  th e  in c r e a s in g  am ount o f  c h o l e s t e r o l .  I n s t e a d ,  
t h e r e  was a  r a p i d  d e c r e a s e  w i th  th e  i n i t i a l  a d d i t i o n  o f  c h o ­
l e s t e r o l  t o  t h e  s o l u t i o n .  Then a s  more c h o l e s t e r o l  was a d d e d , 
th e  e f f e c t  becam e l e s s  m ark ed .
S c h r o e d e r  (7 4 )  h a s  r e p o r t e d  t h a t ,  r e g a r d i n g  th e  d e c r e a s e  
i n  a b s o r p t i o n  and  f lu o r e s e n c e  o f  p o ly e n e s  b y  c h o l e s t e r o l ,  no  
s u c h  phenom enon i s  o b s e rv e d  i f  e th a n o l  o r  m e th a n o l i s  u se d  a s  
th e  s o l v e n t .  S uch  was th e  c a s e  w ith  e p i r o d i n .  I f  m e th a n o l 
o r  e t h a n o l  w ere  p r e s e n t  a t  5 Q£, no  i n t e r a c t i o n  w i th  s t e r o l s  
c o u ld  be d e m o n s t r a te d .  Thus i t  a p p e a r s  p o s s i b l e  t h a t  th e  a n ­
t i b i o t i c  m echan ism  o f  e p i r o d i n  m ig h t be  th e  same a s  th e  p o ly -
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F ig u re  4 9 . E f f e c t  o f  I n c r e a s i n g  A m ounts o f  S t e r o l  on th e  
A b so rb a n ce  o f  E p i r o d in  Mix a t  429 nm. A, S i t ­
o s t e r o l  i B # C h o l e s t e r o l !  C , S t ig m a s t e r o l i  D, 
E r g o s t e r o l .























Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
212
F ig u re  5 0 . E f f e c t  o f  I n c r e a s i n g  A mounts o f  S t e r o l  on th e  
V i s i b l e  A b s o r p t io n  S p ec tru m  o f  E p i r o d in  M ix. 
1 ,  10 u g /m l E p i r o d i n » 2 ,  10 u g /m l E p i r o d in  
an d  20 u g /m l E r g o s t e r o l i  3 ,  10 u g /m l E p i r o d in  
and  50  u g /m l E r g o s t e r o l .
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TABLE 2 5 .
F lu o re s e n c e  o f  a  10 u g /m l S o lu t i o n  o f  E p i r o d in  
w i th  I n c r e a s i n g  A m ounts o f  C h o l e s t e r o l . 8,
C o n c e n tr a t i o n  o f  C h o l e s t e r o l  
(u g /m l)
F lu o re s e n c e  I n t e n s i t y  
(uam ps)
0 0 .0 4 4 5
5 0 .0 3 0 7
10 0 .0 2 7 7
20 0 .0 1 7 5
30 0 .0 1 2 2
40 0 .0 0 8 5
30 0 .0 0 6 5
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ene a n t i b i o t i c s ,
2 .  I n h i b i t i o n  o f  Y e a s ts  by  E p i r o d in  M ix, The a b i l i t y  
o f  e p i r o d i n  t o  i n h i b i t  th e  g ro w th  o f  S accharom voes c e r e v l s l a e  
was s t u d i e d .  C hanges i n  th e  a b s o rb a n c e  o f  th e  c u l t u r e  medium 
w ere m easu red  and  a r e  p r e s e n t e d  i n  T a b le  2 6 . Upon e x a m in a t io n  
o f  th e  d a t a ,  i t  i s  a p p a r e n t  t h a t  e p i r o d i n  mix d id  in d e e d  i n ­
h i b i t  th e  g ro w th  o f  y e a s t .  W h ile  a t  l e v e l s  o f  1 .2 5  o r  2 .5 0  
u g /m l th e  compound w as v i r t u a l l y  i n a c t i v e ,  some i n h i b i t i o n  o f  
g ro w th  was s e e n  a t  2 .5 *  5 . 0 ,  and  1 0 ,0  u g /m l. A t c o n c e n t r a ­
t i o n s  o f  1 5 .0  o r  2 5 . 0  u g /m l,  th e  i n h i b i t i o n  was more s e v e r e ,  
c u t t i n g  th e  r a t e  o f  g ro w th  by  a lm o s t  5 0 £ . The r e s u l t s  a r e  
p r e s e n t e d  g r a p h i c a l l y  i n  F ig .  5 1 . I t  i s  i n t e r e s t i n g  t o  n o t e ,  
h o w ev er, t h a t  a t  none o f  th e  c o n c e n t r a t i o n s  o f  e p i r o d i n  t e s t ­
ed  was i t  a b l e  t o  c o m p le te ly  i n h i b i t  th e  g ro w th  o f  th e  o rg a n ­
ism . H ig h e r  l e v e l s  c o u ld  n o t  be t e s t e d  b e c a u se  o f  d i f f i c u l ­
t i e s  i n  s o l u b i l i t y .
S t a b i l i t y  s t u d i e s  on e p i r o d i n  had  shown i t  t o  l o s e  a c ­
t i v i t y  i n  a q u e o u s  m e d ia . T h e r e f o r e ,  i t  was c o n c e iv a b le  t h a t ,  
a s  th e  a s s a y  p r o c e e d e d , th e  e f f e c t i v e  c o n c e n t r a t i o n  o f  e p i r o d in  
was d e c r e a s in g .  T h e r e f o r e  a  d u p l i c a t e  s e t  o f  f l a s k s  c o n t a in i n g  
e p i r o d i n  w h ich  had  b e e n  ad d e d  16 h o u rs  ( th e  l e n g th  o f  a n  a s s a y )  
p r i o r  t o  i n o c u l a t i o n  w as r u n .  The r a t e s  o f  g ro w th  a t  th e  v a r ­
io u s  l e v e l s  o f  e p i r o d i n  a r e  p r e s e n te d  i n  T b le  2 7 . A t th e  low ­
e r  c o n c e n t r a t i o n s  o f  e p i r o d i n ,  i t  was im p o s s ib le  t o  s e e  any  
c h a n g e . H ow ever, a s  s e e n  i n  F ig .  5 2 , a t  h ig h e r  l e v e l s  th e r e  
seem ed t o  be a  s l i g h t  in c r e a s e  i n  th e  r a t e  o f  g ro w th  f o r  th o s e  
c u l t u r e s  w here e p i r o d i n  had  b e e n  ad d e d  16 h o u rs  b e f o r e  th e
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TABLE 2 6 .
E f f e c t  o f  E p i r o d in  on th e  G row th o f  S . c e r e v i s i a e  a s  
M easu red  by  A b so rb a n ce  a t  530 nm.
Time 
( H r s . )
C o n c e n t r a t i o n  o f  E p i r o d in  (u g /m l)
0 1 .2 5 2 .5 0 5 .0 1 0 . 0 1 5 .0 2 5 . 0
2 . 0 0 0 . 0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 . 0 0 0
4 .0 0 7 .0 0 5 .003 .003 . 0 0 0 .0 0 0 .0 0 5
6 .0 3 5 .042 .0 5 0 .0 3 7 .0 2 7 .0 3 0 .0 3 0
8 .1 0 7 .1 2 0 .1 0 7 .12 0 .0 9 0 .075 .0 70
10 .2 6 5 .2 2 0 .2 2 0 .2 4 2 .2 1 5 .1 2 7 .1 4 0
12 .4 6 5 .4 7 5 .5 2 0 .422 .3 9 5 .2 5 5 .1 9 0
14 .7 5 5 .7 4 0 .7 8 0 .6 9 7 .6 4 5 .3 7 5 .3 2 5
16 .9 3 5 .9 4 0 .89 0 .822 .8 3 5 .5 1 5 .4 9 0
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E f f e c t  o f  E p i r o d in  Mix on th e  G row th o f  S . c e r -  
e v i s i a e . A, C o n t r o l i  B, 5 . 0  u g /m li C , 1 5 .0  
u g /m li D, 2 5 .0  u g /m l.


















1 . 0 - -
6 -  -




Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
219
TABLE 2 7 .
E f f e c t  o f  E p i r o d in  Added S ix t e e n  H ours P r i o r  t o  
I n o c u l a t i o n  o f  S . c e r e v i s i a e  a s  M easured  by  
A b so rb a n ce  a t  530 nm.
Time 
( H r s , )
C o n c e n t r a t i o n  o f  E p i r o d in  (u g /m l)
0 1 .2 5 2 . 5 0 5 .0 1 0 .0 1 5 .0 2 5 . 0
2 .0 0 0 . 005 .0 0 0 .0 0 0 .000 .0 0 0 .0 0 0
4 .011 .0 1 9 .015 .0 0  5 . 005 .0 0 0 .0 0 0
6 .0 4 5 .045 .0  50 .0 4 4 .042 .0 2 0 .0 2 0
8 .1 4 0 .135 .135 .125 .115 .0 8 0 .083
10 .2 3 5 .2 8 6 .2 8 5 .2 8 0 .210 .1 5 0 .155
12 .4 6 0 .5 1 5 .5 1 0 .4 7 5 .376 .285 .2 1 8
14 .7 3 0 .7 9 5 .7 4 0 .7 3 5 .595 .4 5 0 .3 4 0
16 .9 0 0 .8 9 5 .8 3 0 .845 .845 .5 7 0 .5 1 0
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F ig u r e  5 2 . D e te rm in a t io n  o f  S t a b i l i t y  o f  E p i r o d in  Mix f o r  
th e  D u r a t io n  o f  th e  S .  c e r e v i s i a e  a s s a y .  A, 
C o n tro l?  B, 1 5 .0  u g /m l E p i r o d in ?  Cf 1 5 .0  u g /m l 
E p i r o d in  Added S ix t e e n  H ours B e fo re  th e  S t a r t  
o f  th e  A ssa y .
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y e a s t  in o c u lu m . I n  h i s  s tu d y  o f  i n h i b i t i o n  o f  S . c e r e v i s i a e  
by  f i l i p i n ,  G o t t l i e b  (2 9 )  was a b l e  t o  show a  c o m p le te  i n h i ­
b i t i o n *  and  t h e r e  was no  change i n  a b s o rb a n c e  f o r  th e  d u r a ­
t i o n  o f  th e  a s s a y .  R e s u l t s  h e r e  i n d i c a t e  t h a t  su c h  w as n o t  
th e  c a s e  f o r  e p i r o d i n  a t  th e  c o n c e n t r a t i o n s  t e s t e d .  The com­
pound r e t a i n e d  th e  g r e a t e s t  p a r t  o f  i t s  a c t i v i t y  f o r  th e  d u r ­
a t i o n  o f  th e  a s s a y .  T h e r e f o r e ,  th e  g ro w th  o f  th e  o rg an ism  
c a n n o t  be a t t r i b u t e d  t o  d e s t r u c t i o n  o f  e p i r o d i n ,  w h ich  w ould 
p e r m it  g ro w th  t o  o c c u r .
The a b i l i t y  o f  s t e r o l  t o  r e v e r s e  th e  i n h i b i t i o n  o f  th e  
g ro w th  o f  S . c e r e v i a l a e  b y  e p i r o d i n  was a l s o  i n v e s t i g a t e d .  
E r g o s t e r o l  was c h o s e n  b e c a u se  i t  i s  t h e  p r im a ry  s t e r o l  com­
p o n e n t  o f  y e a s t s  and  o th e r  f u n g i .  F i f t y  u g /m l c o n c e n t r a t i o n s  
w ere made i n  e a c h  f l a s k ,  and  th e  a s s a y  was c o n d u c te d  in  th e  
same m anner a s  b e f o r e .  The c h a n g e s  i n  a b s o rb a n c e  r e f l e c t i n g  
th e  in c r e a s e d  g ro w th  o f  th e  o rg a n ism  a r e  p r e s e n t e d  i n  T a b le  2 8 . 
R e s u l t s  i n d i c a t e  t h a t  e r g o s t e r o l  d id  in d e e d  r e v e r s e  th e  i n ­
h i b i t i o n  by  e p i r o d i n .  T h is  becom es more o b v io u s  when th e  
d a t a  i s  shown g r a p h i c a l l y  ( F ig .  5 3 ) .  C urve B r e p r e s e n t s  th e  
d e c re a s e d  g ro w th  r a t e  c a u s e d  b y  e p i r o d i n  a s  com pared  t o  th e  
c o n t r o l  c u r v e ,  A. W ith  a d d i t i o n  o f  e r g o s t e r o l  t o  th e  me­
d iu m , th e  r a t e  o f  g ro w th  in c r e a s e d  (C urve  C) and  becam e s im ­
i l a r  t o  t h a t  o f  th e  c o n t r o l  c u l t u r e  c o n t a in i n g  no  e p i r o d i n .
Thus one s e e s  C u rv es  A and  C a s  b e in g  i d e n t i c a l  f o r  th e  f i r s t  
10 h o u r s ,  and  th e n  s e p a r a t i n g  s l i g h t l y  i n  th e  l a t e r  p h a s e s  o f  
th e  a s s a y .
G o t t l i e b  e t  a l .  (2 9 )  r e p o r t e d  s i m i l a r  f i n d i n g s  i n  t h e i r
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TABLE 28.
E f f e c t  o f  E r g o s t e r o l  on th e  A b i l i t y  o f  E p i r o d in  t o  
I n h i b i t  th e  G row th  o f  S . c e r e v i s i a e  a s  M easu red  
by  A b so rb an ce  a t  530 ran.
Time 
( H r s . )
C o n c e n t r a t i o n  o f  E p i r o d in  (u g /m l)
0 1 .2 5 2 . 5 0 5 .0 1 0 .0 1 5 .0 2 5 . 0
2 . 0 0 0 .0 0 0 .0 0 4 .003 .001 .0 0 0 . 0 0 0
4 . 0 1 0 .008 .0 0 9 .0 1 5 .0 0 9 .0 1 0 .0 0 5
6 .0 4 5 .025 .0 4 4 .035 .036 .0 4 0 .0 3 5
8 .0 9 5 .0 8  5 .1 2 4 .1 2 5 .1 2 9 .1 0 0 .0 8 5
10 .2 0 5 .2 1 5 .2 4 4 .2 6 5 .236 .2 2 5 .1 6 5
12 .4 0 5 .4 0 0 .4 5 9 .455 .451 .3 7 5 .3 0 5
14 .6 9 0 .6 6 0 .7 3 9 .7 1 5 .741 .6 3 5 .5 5  0
16 .8 9 5 .8 6 0 .8 2 9 .8 6 0 .831
OCO .7 0 5
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F ig u re  5 3 . A b i l i t y  o f  E r g o s t e r o l  t o  R e v e rse  th e  I n h i b i t i o n  
o f  G row th o f  S . c e re  v i s  i a e  by  E p i r o d in .  A,
Con t r o l i  B, E p i r o d in  a t  1 5 .0  u g /m li  C , E p i r o d in  
a t  1 5 .0  u g /m l and  E r g o s t e r o l  a t  50  n g /m l .
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s tu d y  o f  th e  a n ta g o n is m  o f  c h o l e s t e r o l  t o  f i l i p i n .  L ik e  e r ­
g o s t e r o l  , c h o l e s t e r o l  had  no  e f f e c t  on th e  g ro w th  o f  th e  o r ­
g an ism  i n  th e  a b s e n c e  o f  th e  a n t i b i o t i c .  By in c r e a s i n g  th e  
c o n c e n t r a t i o n  o f  s t e r o l  p a r a l l e l  t o  th e  i n c r e a s i n g  c o n c e n t r a ­
t i o n s  o f  f i l i p i n ,  t h e s e  w o rk e rs  w ere a b l e  t o  show t h a t  th e  
a n ta g o n is m  b e tw e e n  th e  tw o com pounds was n o t  due t o  a  s im p le  
c o m p e t i t iv e  i n h i b i t i o n .  T h is  th e y  b a s e d  on th e  f a c t  t h a t  th e  
same r a t i o s  o f  f i l i p i n  t o  c h o l e s t e r o l  a t  d i f f e r e n t  c o n c e n t r a ­
t i o n s  o f  th e  a n t i b i o t i c  d id  n o t  a l lo w  e q u a l  g ro w th  o f  S .  c e r -  
e v i s i a e .
h .  A n t i f u n g a l  A c t i v i t y  o f  E p i r o d in . As p r e v i o u s l y  d i s ­
c u s s e d ,  a l l  o f  th e  p o ly e n e  m a c ro l id e  a n t i b i o t i c s  e n c o u n te r e d  
in  n a t u r e  th u s  f a r  h av e  b e e n  i s o l a t e d  from  th e  S t r e p to m y c e ta -  
c e a e ,  s o i l - d w e l l i n g  b a c i l l i .  A l l  have  b e e n  d e m o n s t r a te d  t o  
be s i g n i f i c a n t l y  a c t i v e  a g a i n s t  f u n g i ,  and  a r e  commonly r e ­
f e r r e d  t o  a s  " p o ly e n e  a n t i f u n g a l  a n t i b i o t i c s " .  I n  v ie w  o f  
th e  f a c t  t h a t  e p i r o d i n  i s  a  p o ly e n e  com pound, th e  q u e s t i o n  
a r i s e s  a s  t o  w h e th e r  o r  n o t  i t ,  t o o ,  i s  to x i c  t o  f u n g i .  I t  
do e s  n o t  a p p e a r  l i k e l y  t h a t  E . n ig ru m  w ould be p ro d u c in g  a  
s u b s t a n c e  t o x i c  t o  i t s e l f .  To exam ine t h i s  p o s s i b i l i t y ,  th e  
a c t i v i t y  o f  e p i r o d i n  a g a i n s t  v a r i o u s  fu n g i  was i n v e s t i g a t e d .
E . n ig ru m  was t e s t e d  a lo n g  w i th  F u sa r iu m  oxvspo rum . a n o t h e r  
member o f  th e  F u n g i I m p e r f e c t i . Two o th e r  o rg a n ism s  w ere  a l s o  
s e l e c t e d ,  e a c h  b e lo n g in g  t o  a  d i f f e r e n t  c l a s s .  T h ese  w ere 
R h ia o p u s  n i g r i c a n s . a  member o f  th e  Z y g o m y ce te s , and  A sp e r­
g i l l u s  f l a v u s  w h ich  b e lo n g s  t o  th e  P le c to m y c e te s .
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A g ar p l a t e s  w i th  e p i r o d in  in c o r p o r a te d  a t  v a r i o u s  l e v ­
e l s  i n t o  th e  medium w ere p r e p a r e d .  The v a r i o u s  f u n g i  w ere  
s t r e a k e d  o n to  th e  p l a t e s  w hich  w ere th e n  w a tc h e d  f o r  s ig n s  
o f  g ro w th .  Two d a y s  a f t e r  b e in g  in o c u la t e d ,  E . n ig ru m  was 
g ro w in g  on e a c h  p l a t e .  The p l a t e s  w ith  0 . 5 ,  an d  10 u g /m l 
a p p e a re d  t o  be g ro w in g  a t  i d e n t i c a l  r a t e s i  th o s e  w i th  20 
u g /m l had  a  l e s s e r  am ount o f  m y c e lia  on th e  s u r f a c e .  By s i x  
d a y s ,  a l l  o f  th e  p l a t e s  a p p e a re d  t o  have r e a c h e d  th e  same 
l e v e l  o f  g ro w th .  P . oxvsporum  h a n d le d  th e  e p i r o d i n  l i k e  th e  
E . n ig ru m . A f t e r  tw o d a y s  in c u b a t i o n ,  th e  o rg a n ism  was g row ­
in g  r e g a r d l e s s  o f  th e  l e v e l  o f  e p i r o d i n .  W ith  20  u g /m l,  how­
e v e r ,  th e  r a t e  seem ed t o  be s l i g h t l y  s lo w e r .  By s i x  d a y s ,  
a l l  o f  th e  p l a t e s  had  d e v e lo p e d  g ro w th .
U n lik e  E . n ig ru m . A. f l a v u s  and  R. n i g r i c a n s  w ere a f f e c ­
t e d  by  th e  e p i r o d i n ,  and  th e y  e a c h  r e a c t e d  i n  th e  same w ay. 
A f t e r  tw o d a y s ,  th e  c o n t r o l  p l a t e s  showed s i g n i f i c a n t  g ro w th  
w h i le  th o s e  a t  5 u g /m l e p i r o d in  w ere j u s t  b e g i n n in g .  P l a t e s  
w i th  10 o r  20 u g /m l w ere v o id  o f  g ro w th . H ow ever, by  th e  
s i x t h  d a y ,  t h e  c o n t r o l  and  5 u g /m l p l a t e s  w ere  c o m p le te ly  
c o v e re d  w i th  m y c e l ia ,  and  th e  more c o n c e n t r a t e d  p l a t e s  w ere 
j u s t  b e g in n in g  t o  d e v e lo p .
Thus P . oxvsporum  and E , n ig ru m , th e  tw o m em bers o f  th e  
D e u te ro m y c e te s ,  w ere i n s e n s i t i v e  t o  th e  p o ly e n e ,  A . f l a v u s  
an d  R. n i g r i c a n s , on th e  o th e r  h a n d , w ere i n h i b i t e d  t o  a  c e r ­
t a i n  e x t e n t .  The f a c t  t h a t  th e y  d id  grow  a f t e r  a  p e r i o d  o f  
t im e  m ig h t be a t t r i b u t e d  i n  p a r t  t o  th e  d e c r e a s e  i n  e f f e c t i v e  
c o n c e n t r a t i o n  o f  e p i r o d i n  w ith  t im e .  So i t  a p p e a r s  th e n  t h a t
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a l l  th e  p o ly e n e s  a r e  n o t  n e c e s s a r i l y  a s  a n t i f u n g a l  a s  i s  
p r e s e n t l y  th o u g h t .  I t  i s  a  known f a c t  t h a t  th o s e  w h ich  have  
b e e n  i s o l a t e d  from  S tre e to m y c e s  a r e  p o te n t  a n t i f u n g a l  a g e n t s , 
b u t  th e  same c a n n o t  be s a id  f o r  e p i r o d i n .  I n  one o f  h i s  p a ­
p e r s ,  G o t t l i e b  e t  a l . (2 9 ) ex a m in es  th e  a n t i f u n g a l  s p e c tru m  
o f  f i l i p i n .  He show s i t  t o  be p o te n t  a g a i n s t  a l l  c l a s s e s  o f  
f u n g i ,  i n c lu d in g  P . oxvsporum  whose g ro w th  e p i r o d i n  d id  n o t  
a f f e c t  a t  20 u g /m l. The i n a c t i v i t y  o f  e p i r o d i n  to w a rd s  o r ­
g a n ism s  l i k e  E . n ig ru m  seem s q u i t e  r a t i o n a l  s i n c e  a n  o rg a n ­
ism  t h a t  p ro d u c e d  a  s u b s ta n c e  t o x i c  t o  i t s e l f  w ou ld  be e x ­
t i n c t  s h o r t l y .  I n s t e a d ,  i t  a p p e a r s  t h a t  th e  a c t i v i t y  o f  e p i ­
r o d i n  i s  d i r e c t e d  a t  o rg a n ism s  u n l ik e  i t s e l f ,  p e rh a p s  a s  a  
m eans o f  s u r v i v a l  i n  a  c o m p e t i t iv e  e n v iro n m e n t .
E f f e c t  o f  E p i r o d in  Mix on D r o s o p h i la . G em rich  (3 3 )  
h a s  d e m o n s t r a te d  f i l i p i n  t o  be m i ld ly  e f f e c t i v e  a g a i n s t  M usca 
d o m e s t ic a ,  th e  common house  f l y .  By b in d in g  s t e r o l s  r e q u i r e d  
i n  th e  d i e t ,  f i l i p i n  d e m o n s tra te d  i n h i b i t i o n  o f  g ro w th  and 
l a r v i c i d a l  a c t i v i t y .  H ow ever, i t  was i n e f f e c t i v e  a s  a  chem o- 
s t e r i l a n t  i n  th e  d i e t  a t  100 ppm. The a b i l i t y  o f  e p i r o d i n
t o  i n t e r f e r e  w i th  g ro w th  and  r e p r o d u c t io n  was s t u d i e d  u s in g
a  s i m i l a r  a s s a y  b u t  w ith  th e  common f r u i t  f l y .  D r o s o p h i la
m e la n o g a s t e r . i n s t e a d  o f  th e  h ouse  f l y .
U sin g  th e  a s s a y  d e v e lo p e d  h e r e ,  15 p a i r s  o f  a d u l t s  on 
c o n t r o l  m e d ia  c o n t a in i n g  no  e p i r o d i n  p ro d u c e d  2 6 , 2 3 * 1 9 * 3 8 , 
3 1 ,  2 9 ,  2 6 , 4 1 , 2 4 , 3 3 . 3 1 . 3 3 .  2 8 , 4 0 , and  24  o f f s p r i n g  w h ich  
s u r v iv e d  t o  a d u l th o o d .  I t  was c a l c u l a t e d  t h a t ,  on  t h e  a v e r a g e ,  
e a c h  p a i r  c a n  be e x p e c te d  t o  p ro d u ce  2 9 .7 3  a d u l t  f l i e s .  The
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s ta n d a r d  d e v i a t i o n  f o r  t h e s e  c o n t r o l s  i s  6 , 2 ,  I n  f i v e  r e p l i ­
c a t e  t u b e s ,  e a c h  c o n t a in i n g  e p i r o d i n  a t  1000  ppm, 2 7 , 2 4 , 3 1 , 
2 1 ,  and  22 a d u l t  f l i e s  w ere p ro d u c e d  p e r  t u b e .  The a v e ra g e  
w as 25  w h ich  l i e s  w i t h i n  one s ta n d a r d  d e v i a t i o n  o f  th e  c o n t r o l  
m ean. Thus e p i r o d i n  a p p e a r s  t o  be i n a c t i v e  a g a i n s t  D . m e lan o -  
g a s t e r  a t  th e  c o n c e n t r a t i o n s  t e s t e d .
I n  h i s  s tu d y  c o n c e r n in g  M. d o m e s t ic a . G em rich  (3 3 )  fo u n d  
t h a t  o f  a l l  th e  p o ly e n e  a n t i b i o t i c s  t e s t e d ,  o n ly  f i l i p i n  had  
a n y  a c t i v i t y .  H ow ever, th e  d e g re e  o f  e f f i c i e n c y  i n  c o n t r o l ­
l i n g  th e  f l y  p o p u la t i o n  was w e l l  b e lo w  t h a t  o f  a v a i l a b l e  p e s ­
t i c i d e s  s u c h  a s  d i e l d r i n  and  p a r a t h i o n .  T hus e p i r o d i n ,  l i k e  
t h e  o th e r  p o ly e n e  a n t i b i o t i c s ,  h a s  v e r y  l i m i t e d  p o t e n t i a l  a s  
a n  i n s e c t i c i d e .
6 . E p i r o d in  an d  H e m o ly s is . K in sk y  e t  jlL . ( 2 4 ,4 2 ,4 9 * 5 ° )  
h av e  s tu d i e d  i n  d e t a i l  th e  h e m o ly t ic  a c t i o n  o f  f i l i p i n  and 
o t h e r  p o ly e n e  a n t i b i o t i c s .  They h ave  show n t h a t  th e  e x t e n t  
o f  l y s i s  i s  d e p e n d e n t on th e  a n t i b i o t i c / c e l l  c o n c e n t r a t i o n  
r a t i o  a s  w e l l  a s  on th e  a b s o lu t e  c o n c e n t r a t i o n  o f  th e  a n t i b i o ­
t i c ,  an d  t h a t  h e m o ly s is  i s  i n h i b i t e d  b y  se ru m . I n  a d d i t i o n ,  
th e y  h ave  show n t h a t  th e  h e m o ly t ic  a c t i v i t y  i s  a s s o c i a t e d  
w i th  th e  ch rom ophore  s in c e  p e r h y d r o f i l i p i n  had  a p p ro x im a te ly  
o n ly  1 /1 0 0  th e  h e m o ly t ic  a c t i v i t y  o f  th e  p a r e n t  com pound. 
Z o n d a g , P o sth u m a , and  B e re n d s  (4 1 )  have  r e p o r t e d  t h a t  i l l u ­
m in a t io n  o f  th e  p o ly e n e  a n t i b i o t i c  p im a r i c in  w i th  v i s i b l e  
l i g h t  i n  th e  p r e s e n c e  o f  f l a v i n s  c a u s e d  th e  c o n ju g a te d  c h r o ­
m ophore t o  be d e s t r o y e d .  K in sk y  e t  a l .  (4 2 )  th u s  r e p o r t e d  
t h a t  t r e a tm e n t  o f  f i l i p i n  i n  t h i s  m anner c o m p le te ly  a b o l i s h e d
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i t s  h e m o ly t ic  a c t i o n ,  th e r b y  c o n f i rm in g  t h a t  th e  p o ly e n e  
chrom ophore  i s  r e s p o n s i b l e  f o r  b i o l o g i c a l  a c t i v i t y ,  E p i r o d in  
m ix was t h e r e f o r e  s u b je c t e d  t o  a  s i m i l a r  s e t  o f  e x p e r im e n ts  
a s  f i l i p i n  t o  d e te rm in e  w h e th e r  o r  n o t  i t  b eh a v ed  i n  a n  a n a l -  
ag o u s  m a n n e r,
A r e d  b lo o d  c e l l  s u s p e n s io n  and  a  s e r i e s  o f  e p i r o d i n  
s o l u t i o n s  w ere  p r e p a r e d .  When in c r e a s in g  am ounts o f  e p i r o d i n  
w ere ad d ed  t o  a  c o n s t a n t  volum e o f  e r y t h r o c y t e s ,  h e m o ly s is  
was fo u n d  t o  o c c u r  t o  g r e a t e r  e x t e n t s  a s  th e  c o n c e n t r a t i o n  o f  
e p i r o d i n  i n c r e a s e d .  T hus th e  more c e l l s  t h a t  w ere l y s e d ,  th e  
l a r g e r  th e  am ount o f  h em o g lo b in  r e l e a s e d  and  th e  g r e a t e r  th e  
a b s o rb a n c e  a t  550  nm. The a b s o rb a n c e  r e a d in g s  f o r  th e  s e r i e s  
o f  e p i r o d i n  s o l u t i o n s  a r e  shown i n  T a b le  29 and  i l l u s t r a t e d  
i n  F ig ,  5 4 , As i n  th e  c a s e  o f  th e  p o ly e n e  a n t i b i o t i c s  t e s t e d  
by  K in sk y  ( 4 9 ) ,  among w h ich  w ere f i l i p i n ,  a m p h o te r ic in  B , 
e t r u s c o m y c in ,  c a n d id in ,  an d  a s c o n s in ,  h e m o ly s is  d id  n o t  o c c u r  
u n t i l  a  t h r e s h o l d  c o n c e n t r a t i o n  r a t i o  o f  a n t i b i o t i c  p e r  c e l l  
was r e a c h e d .  L ik e  e p i r o d i n ,  i n  e a c h  c a s e  t h e r e  was a  s h a r p  
i n c r e a s e  i n  t h e  e x t e n t  o f  l y s i s  o v e r  a  r e l a t i v e l y  n a r ro w  c o n ­
c e n t r a t i o n  r a n g e .  The a b s o rb a n c e  a t  550 nm f o r  c o m p le te  h e ­
m o ly s is  o f  th e  e r y t h r o c y t e s  i n  w a te r  was 0 ,5 1 0 , U sin g  t h i s  
f i g u r e ,  th e  p e r c e n t  h e m o ly s is  a t  e a c h  l e v e l  o f  e p i r o d i n  w as 
c a l c u l a t e d .  A t 10 u g /m l e p i r o d i n  was a b le  t o  ly s e  8 . 6£  o f  
th e  c e l l s .  H ow ever, a n  e q u a l  volum e o f  th e  d im e th y lfo rm a m id e  
s o lv e n t  r e s u l t e d  i n  8 .2 #  h e m o ly s is .  Thus no  s i g n i f i c a n t  l y ­
s i s  o c c u re d  u n t i l  30  u g /m l,  and  i t  was v i r t u a l l y  c o m p le te  a t  
80 u g /m l.
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TABLE 2 9 .
E x t e n t  o f  H em o ly tic  A c t io n  o f  E p i r o d in  Mix 
by  A b so rb a n ce  R e a d in g s  a t  550 nm.
C o n c e n t r a t i o n  o f  
E p i r o d in  (u g /m l)
A b so rb an ce % H em o ly sis
0 .0 4 0 8 . 2
10 .0 4 4 8 . 6
20 .060 1 1 .7
30 .175 3 4 .4
40 .3 2 9 6 4 .6
50
o00C'V 7 4 .5
6 0 .462 9 0 .5
70 .4 8 0 9 4 .2
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P ig u r e  5 k ,  E f f e c t  o f  E p i r o d in  Mix on th e  H em o ly sis  o f  Human 
E r y t h r o c y te s .
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The e f f e c t  o f  a  c o n s t a n t  am ount o f  e p i r o d i n  on increa­
s i n g  am o u n ts  o f  r e d  c e l l s  was exam ined  t o  s e e  i f  t h e  a n t i b i o ­
t i c / c e l l  r a t i o  p la y e d  a n y  r o l e  i n  th e  e x t e n t  o f  h e m o ly s is  ob­
s e r v e d ,  The a b s o rb a n c e  r e a d in g s  a t  550 nm w ith  i n c r e a s i n g  
v o lu m es  o f  r e d  c e l l  s u s p e n s io n  a r e  shown i n  T a b le  3 0 ,  The 
am ount o f  h em o g lo b in  r e l e a s e d  was in d e e d  fo u n d  t o  be  d e p e n ­
d e n t  on th e  num ber o f  e r y t h r o c y t e s  p r e s e n t .  As s e e n  i n  F ig ,
55» th e  am ount o f  h em o g lo b in  r e l e a s e d  i n i t i a l l y  i n c r e a s e d  a s  
m ore e r y t h r o c y t e s  w ere added* n e x t ,  a  p l a t e a u  r e g i o n  o c c u rr e d  
w here  a d d in g  more c e l l s  d id  n o t  in d u c e  a  g r e a t e r  e x t e n t  o f  
l y s i s .  As t h e  volum e o f  r e d  c e l l s  was in c r e a s e d  e v e n  m o re , 
th e  am ount o f  h em o g lo b in  r e l e a s e d  d e c r e a s e d .  By u s in g  th e  a b ­
s o rb a n c e  r e a d i n g s  o f  0 ,5 1 0  f o r  co m p le te  h e m o ly s is  o f  0 . 5 0  ml 
e r y t h r o c y t e  s u s p e n s io n  i n  4 .5  ml w a te r ,  th e  p e r c e n t  h e m o ly s is  
o c c u r r i n g  c o u ld  be c a l c u l a t e d .  Thus f o r  0 .2 5  ml e r y t h r o c y t e s  
one w ou ld  e x p e c t  a  maximum o f  o n ly  0 ,5 1 0 /2  o r  0 .2 5 5 ,  The ob­
s e r v e d  a b s o rb a n c e  was 0 .2 5 0  i n d i c a t i n g  t h a t  h e m o ly s is  was 
c o m p le te .  H ow ever, when 3 .0  ml c e l l  s u s p e n s io n  w as u s e d ,  th e  
maximum r e a d i n g  s h o u ld  have  b e e n  6 X 0 ,5 1 0  o r  3 .6 0 .  The ob­
s e r v e d  r e a d i n g  was o n ly  0 .3 4 7  c o r r e s p o n d in g  t o  11# h e m o ly s is .  
As s e e n  i n  F ig .  5 6 , th e  p e r c e n t  h e m o ly s is  s t e a d i l y  d e c r e a s e d  
a s  th e  e r y t h r o c y t e  c o n c e n t r a t i o n  in c r e a s e d .  T h e r e f o r e ,  i t  
c a n  be  c o n c lu d e d  t h a t  f o r  e p i r o d i n ,  l i k e  f i l i p i n ,  th e  a n t i b i o ­
t i c / c e l l  r a t i o  an d  n o t  j u s t  th e  a b s o lu t e  c o n c e n t r a t i o n  o f  
e p i r o d i n  i s  a l s o  a  c r i t i c a l  f a c t o r .
The above  e x p e r im e n ts  w ere a l l  done on e r y t h r o c y t e s  
w ashed  e x t e n s i v e l y  w ith  i s o t o n i c  s a l i n e ,  K in sk y  (4 9 )  r e p o r t e d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
235
TABLE 30.
E ffe c t  o f Erythrocyte C oncentration  on
Hemolysis by E p irod in .
C o n c e n t r a t i o n  o f  C e l l s  
(Ml a d d e d )
A bso rbance  
(550 ran)
#  H em o ly sis
0 . 2  5 .250 94
0 . 5 0 .4 9 4 97
0 .7 5 .5 6 4 74
0 .8 0 .568 70
0 .9 0 .5 5 0 60
1 .0 0
CM-3- 53
1 .1 0 .488 44
1 .2 5
CO-3- 38
1 .5 0 .4 7 4 31
1 .7 5 .4 2 4 24
2 .0 0 .3 9 0 1?
3 .0 0 .347 11
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F ig u r e  5 5 . E f f e c t  o f  Human E r y th r o c y te  C o n c e n t r a t i o n  on 
H em o ly sis  by  E p i r o d in  Mix a t  80 u g /m l.
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F ig u r e  5 6 . P e r c e n ta g e  o f  E r y t h r o c y te s  H em olyzed w i th  an  
I n c r e a s i n g  C e l l /B p i r o d in  R a t io .
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t h a t  h e m o ly s is  b y  f i l i p i n  r a r e l y  o c c u rre d  i f  w ho le b lo o d  w ere 
u s e d ,  an d  t h a t  serum  i n h i b i t e d  l y s i s  o f  r e d  c e l l s  a t  v e r y  low  
c o n c e n t r a t i o n s ,  A s i m i l a r  phenom enon was o b s e rv e d  r e g a r d i n g  
h e m o ly s is  by  e p i r o d i n .  Serum r a n g in g  from  ,0 0 l£  t o  5#  o f  th e  
t o t a l  volum e o f  th e  a s s a y  was t e s t e d  f o r  i t s  a b i l i t y  t i  i n ­
h i b i t  h e m o ly s is .  R e s u l t s  a r e  p r e s e n te d  i n  T a b le  31 a n d  shown 
g r a p h i c a l l y  i n  F ig .  5 7 . A t l e v e l s  a s  low  a s  0 .2 5 # , se ru m  was 
a b l e  t o  c o m p le t e ly  i n h i b i t  h e m o ly s is .  The p e r c e n ta g e  o f  c e l l s  
ly s e d  was 9.0J6 a s  com pared  t o  8 .2 #  f o r  th e  c o n t r o l  c o n t a in i n g  
no  e p i r o d i n .  O nly  when th e  serum  l e v e l  was d ro p p e d  t o  0 .0 1 #  
o f  th e  vo lum e was th e  l y s i s  o f  c e l l s  c o m p le te .
C h o l e s t e r o l  and  o th e r  s t e r o l s  have b e e n  shown t o  i n t e r ­
a c t  w i th  e p i r o d i n .  B o th  U V -v is ib le  and f lu o r e s e n c e  i n t e n s i ­
t i e s  o f  e p i r o d i n  w ere d e c re a s e d  by  a d d i t i o n  o f  s t e r o l ,  and  e r -  
g o s t e r o l  w as c a p a b le  o f  r e v e r s in g  th e  i n h i b i t i o n  o f  y e a s t  
g ro w th  by  e p i r o d i n .  T h e r e f o r e ,  i t  was n e c e s s a r y  t o  d e te rm in e  
w h e th e r  o r  n o t  i t  was th e  serum  c h o l e s t e r o l  w h ich  w as c a u s in g  
th e  d e c r e a s e d  h e m o ly s is  by  e p i r o d i n .  Thus a n  a s s a y  c o n t a in i n g  
e p i r o d i n  fro m  1 0 -1 0 0  u g /m l and  c h o l e s t e r o l  a t  a  c o n s t a n t  v a lu e  
o f  50  u g /m l was r u n .  W hile  r e v e r s a l  o f  h e m o ly s is  w as b y  no  
m eans c o m p le te ,  fe w e r  c e l l s  w ere hem olyzed a s  c a n  be s e e n  i n  
T a b le  32 an d  F ig .  5 8 . T h u s , w h ile  e p i r o d in  a t  80 u g /m l c a u s e d  
99# h e m o ly s i s ,  w ith  c h o l e s t e r o l  a t  50  u g /m l, o n ly  .2 2 5 / .5 1 0  
o r  44#  h e m o ly s is  was o b s e rv e d .
The c o n c e n t r a t i o n  o f  c h o l e s t e r o l  i n  th e  serum  u s e d  t o  
i n h i b i t  h e m o ly s is  by  e p i r o d i n  was 2 . 0 5  mg/ml a s  d e te r m in e d  
by  th e  m ethod  o f  R . J .  H enry  ( 5 1 ) .  A t 0 ,0 1 #  ( v / v ) ,  t h i s  serum
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TAB1E 3 1 .
E f f e c t  o f  Serum  on H em o ly sis  by  
E p i r o d in  a t  80 u g /m l.
C o n c e n t r a t i o n  o f  Serum  A bso rbance  a t  550 nm
5 .0 0 .0 5 3
4 .0 0 .0 5 7
3 .0 0 .0 5 2
2 .0 0 .0 5 0
1 .0 0 .0 6 4
0 .7 5 0 .0 5 6
0 .5 0 0 .0 4 7
0 .4 0 0 .0 4 9
0 .2 5 0 .0 4 9
0 .1 0 0 .1 3 7
0 .0 5 0 .4 8 0
0 .0 1 0 .5 0 5
0 .0 0 5 0 .5 1 2
0 .0 0 1 0 .5 0 8
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F ig u re  5 7 . E f f e c t  o f  Serum  on H em o ly sis  by  E p i r o d in  Mix a t  
80 u g /m l.
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TABIE 3 2 .
A b i l i t y  o f  C h o le s t e r o l  a t  50 u g /m l t o  I n h i b i t  
H em o ly sis  by  E p i r o d in  M ix.
C o n c e n t r a t i o n  o f  
E p i r o d in  (u g /m l)
A b so rb an ce  
(no  c h o l e s t e r o l )
A b so rb a n ce  
( w ith  c h o l e s t e r o l )
0 .0 4 0 .0 6 2
10 .0 4 4 .063
20 .0 6 0 .0 6 4
30 .175 .0 6 2
40 .3 2 9 .0 8 8
50
oCO .1 0 2
60 .462 .1 3 0
70 .4 8 0 .2 1 2
80 .503 .2 2 5
90 .511 .2 1 0
100 .5 0 8 .2 3 0
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F ig u r e  5 8 .  A b i l i t y  o f  C h o l e s t e r o l  t o  I n h i b i t  H em o ly sis  by  
E p i r o d in .  A , S e r i e s  o f  E p i r o d in  S ta n d a r d s i  B, 
S e r i e s  o f  E p i r o d in  S ta n d a r d s  w i th  E ach  Tube 
C o n ta in in g  50  u g /m l C h o l e s t e r o l .






















20 4 0 6 0 80 10 0
C O N C .  E P I R O D I N  ( U G / M L )
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was a b l e  t o  i n h i b i t  h e m o ly s is  by  99% . A t 0 .0 1  % , ,0 0 0 5  ml o f  
serum  w as u s e d  i n  th e  5 ml a s s a y .  A c h o l e s t e r o l  l e v e l  o f  2 ,0 5  
m g/m l i n  t h e  se ru m  w ould  g iv e  a  c o n c e n t r a t i o n  o f  1 .0 5  u g /m l  
c h o l e s t e r o l  i n  th e  se ru m  a s s a y .  A t 50 u g /m l, c h o l e s t e r o l  r e ­
d u ce d  h e m o ly s is  by  e p i r o d i n  a t  80  u g /m l t o  44j6 i n s t e a d  o f  th e  
99% h e m o ly s is  o b s e rv e d  w i th  no c h o l e s t e r o l .  Thus i t  i s  a p p a r ­
e n t  t h a t  some a d d i t i o n a l  f a c t o r  i n  serum  i s  r e s p o n s ib l e  f o r  
th e  r e v e r s a l  o f  h e m o ly s is .
O th e r  se ru m  com p o n en ts  w ere a s s a y e d  f o r  t h e i r  a b i l i t y  
t o  i n h i b i t  h e m o ly s is  by  e p i r o d in  a t  t h e i r  n o rm a l p h y s i o l o g i c a l  
l e v e l s .  U re a , p h o s p h a t id y l  s e r i n e ,  p h o s p h a t id y l  i n o s i t o l ,  
g lu c o s e ,  an d  a lb u m in  w ere  fo u n d  t o  have no  e f f e c t  w h a ts o e v e r  
on th e  l y s i s  o f  e r y t h r o c y t e s .  A b so rb a n ce  r e a d in g s  a t  550 nm 
w ere  th e  sam e a s  f o r  th e  80 u g /m l s t a n d a r d .  F a t t y  a c i d s ,  on 
th e  o th e r  h a n d , seem ed t o  i n c r e a s e  th e  r a t e  o f  l y s i s .  A t 80  
u g /m l e p i r o d i n ,  f a t t y  a c id  ( 0 .2 4  m e q / l i t e r )  d e c re a s e d  th e  
t im e  t o r  c o m p le te  l y s i s  from  120 m in u te s  t o  60 m in u te s .  W ith  
8 - g l o b u l i n  a t  1 .0  m g /m l, h e m o ly s is  d e c re a s e d  t o  0 .3 0 2 / .5 1 0  
o r  59%  w hen e p i r o d i n  was p r e s e n t  a t  80 u g /m l. T h u s , o f  th e  
serum  co m p o n en ts  t e s t e d ,  o n ly  c h o l e s t e r o l  and  8  - g l o b u l i n  w ere  
a b l e  t o  r e v e r s e  h e m o ly s is  t o  an y  e x t e n t ,
K in sk y  (4 9 )  h a s  show n t h a t  h e m o ly s is  by  n y s t a t i n  an d  am­
p h o t e r i c i n  B t o  be g r e a t l y  re d u c e d  i n  th e  p r e s e n c e  o f  a n  o s ­
m o tic  s t a b i l i z e r  s u c h  a s  s u c r o s e .  C o n d u c tin g  th e  e p i r o d i n  
a s s a y  i n  0 .2 5  M s u c r o s e  d id  n o t  p ro d u c e  a  s i m i l a r  r e s u l t .  As 
i s  s e e n  i n  T a b le  33 an d  F ig .  5 9 , th e  h e m o ly s is  was o n ly  r e ­
d uced  s l i g h t l y .  F o r  n y s t a t i n  and  a m p h o te r ic in  B, K in sk y  (4 9 )




E ffe c t  o f an Osmotic S t a b i l i z e r . Sucrose , on
Hemolysis by E pirodin  Mix.
C o n c e n t r a t i o n  o f  E p i r o d in  A b so rb an ce  a t  550  run
(u g /m l)
10 .0 3 2
20 .0 3 0
30 .0 3 9
40 .2 1 4
50 .3 1 8
60 .393
70 .453
80 .4 9 0
90 .5 0 8
100 .513
0 .2 5  M s u c r o s e .
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F ig u re  5 9 . E f f e c t  o f  S u c ro s e  on H em o ly sis  b y  E p i r o d in  M ix.
A, i n  I s o t o n i c  S a l in e *  B , i n  0 .2 5  M S u c ro s e .
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fo u n d  s u c r o s e  re d u c e d  th e  c u rv e  t o  a  h o r i z o n t a l  l i n e .
The k i n e t i c s  o f  th e  h e m o ly z in g  p r o c e s s  c a u s e d  b y  e p i r o ­
d i n  w ere  b r i e f l y  s t u d i e d .  C o n c e n t r a t i o n s  o f  e p i r o d i n  u sed  
w ere 1 0 , 4 0 , 5 0 , and  60 u g /m l.  A t 10 u g /m l,  e p i r o d i n  c a u se d  
no h e m o ly s is  t o  o c c u r  d u r in g  th e  tw o h o u r  a s s a y t  a t  40  and  50  
u g /m l, i n c r e a s in g  num bers o f  c e l l s  w ere  r u p tu r e d i  an d  a t  60 
u g /m l, th e  l y s i s  was 90# c o m p le te .  F o r  e a c h  l e v e l  o f  e p i ­
r o d i n ,  h e m o ly s is  was m e asu red  a t  s p e c i f i c  t im e  i n t e r v a l s .  Re­
s u l t s  a r e  p r e s e n t e d  i n  T a b le  34  an d  F ig .  6 0 . As th e  c o n c e n ­
t r a t i o n  o f  e p i r o d i n  i n c r e a s e d ,  s o  d id  th e  r a t e  o f  l y s i s .  S in c e  
th e  am ount o f  e r y t h r o c y t e s  re m a in e d  c o n s t a n t ,  th e  r e s u l t s  s u g ­
g e s t  t h a t  h e m o ly s is  by  e p i r o d i n  i s  a  f i r s t  o r d e r  r e a c t i o n ,  d e ­
p e n d in g  o n ly  on th e  a n t i b i o t i c / c e l l  r a t i o .
2 .  Mode o f  A c t io n  f o r  E p i r o d i n . T h a t th e  chrom ophore 
o f  e p i r o d i n  m ig h t be i t s  c e n t e r  o f  b i o l o g i c a l  a c t i v i t y  was 
i n i t i a l l y  s u s p e c te d  d u r in g  s t a b i l i t y  s t u d i e s  on th e  com pound.
I t  was n o te d  t h a t  th e  d e c r e a s e  i n  U V -v is ib le  a b s o r p t i o n  c o r ­
r e l a t e d  w i th  th e  d e c r e a s e  i n  a c t i v i t y .  L a t e r ,  i t  was d i s ­
c o v e re d  t h a t  th e  ch rom ophore  c o n s i s t e d  o f  a  p o ly e n e  c h a in  i n  
c o n ju g a t io n  w i th  a  l a c to n e  c a r b o n y l .  C h em ica l m o d i f i c a t i o n s ,  
su c h  a s  h y d ro g e n a t io n  and  b r o m in a t io n ,  t h a t  r e s u l t e d  i n  d e s ­
t r u c t i o n  o f  th e  e p i r o d i n  ch ro m o p h o re , w ere  a l s o  s e e n  t o  a b o l ­
i s h  th e  t o x i c i t y  o f  e p iro d £ .n . T hus i t  a p p e a re d  f a i r l y  c e r t a i n  
t h a t  th e  c o n ju g a te d  d o u b le  bond  s y s te m  was th e  a c t i v e  p o r t i o n  
o f  th e  e p i r o d i n  m o le c u le .
The m echanism  o f  th e  p o ly e n e  a n t i b i o t i c s  was unknown 
u n t i l  a ro u n d  I9 6 0 . T hen i t  w as show n (7 5 * 7 6 ) t h a t  o rg a n ism s
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TABLE 34.
E ffect of Time on Hemolysis by Epirodin Mix.
L e n g th  o f  I n c u b a t io n  
(m in u te s )
C o n c e n t r a t i o n  o f  E p i r o d in  
(u g /m l)
10 40 50 60
5 .042 .0 8 7 .0 8 0 .0 6 0
10 .042 .0 9 7
COo .081
20 .0 4 4 .1 1 7 .1 6 6 .2 9 0
1*0 .056 .1 7 4 .253 .4 4 0
60 .043 .273 .3 1 8 .4  55
120 .044 .3 2 9
oCO .462
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F ig u re  6 0 , E f f e c t  o f  Time on H em o ly sis  b y  E p i r o d in ,  A, 
10 u g /m l E p i r o d in j  B, U0 u g /m li  C , 50  u g /m l t 
D, 60 u g /m l.
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TIME (MIN.)
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s e n s i t i v e  t o  p o ly e n e s  b in d  th e s e  s u b s t a n c e s , p r o b a b ly  t o  
s t e r o l s  i n  th e  c e l l  m em brane. P o ly e n e s  w ere  shown t o  be c a ­
p a b le  o f  l y s i n g  r e d  c e l l s .  Upon a d d i t i o n  o f  c h o l e s t e r o l  t o  
th e  a s s a y ,  l y s i s  was r e d u c e d .  P re s u m a b ly , th e  p o ly e n e s  
bound t o  th e  e x t r a n e o u s  c h o l e s t e r o l  r a t h e r  th a n  t h a t  i n  th e  
c e l l  m em brane, and  th u s  th e  l y s i s  was i n h i b i t e d .  E p i r o d in  
was shown t o  a c t  i n  a  s i m i l a r  m a n n er. I t  r e a d i l y  ly s e d  th e  
e r y t h r o c y t e s ,  b u t  a d d i t i o n  o f  c h o l e s t e r o l  re d u c e d  th e  e x ­
t e n t  o f  l y s i s .
The p o ly e n e  a n t i b i o t i c s  h ave  b e e n  shown t o  be to x i c  t o  
y e a s t s  and  fu n g i  b u t  n o t  t o  b a c t e r i a .  The a b s e n c e  o f  s t e r o l  
i n  b a c t e r i a  e x p l a in s  th e  r e a s o n  why th e  com pounds a r e  n o t  
t o x i c  t o  t h e s e  o rg a n is m s . T h e re  i s  no  membrane com ponen t w i th  
w h ich  th e  p o ly e n e  c a n  b in d ,  D e rm o s ta t in  i s  th e  o n ly  h ex aen e  
known t o  p o s e s s  an y  a n t i b a c t e r i a l  a c t i v i t y .  A few  t r i e n e s  
a r e  a l s o  a c t i v e .  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  d e r m o s t a t i n ,  
l i k e  e p i r o d i n ,  h a s  a  c a rb o n y l  c o n ju g a te d  t o  th e  p o ly e n e  s y s ­
te m . P e rh a p s  i t  i s  t h i s  c a rb o n y l -p o ly e n e  s t r u c t u r e  t h a t  i s  
r e s p o n s ib l e  f o r  th e  a n t i b a c t e r i l  a c t i v i t y .
E p i r o d in  m ix h a s  b e e n  shown t o  be t o x i c  t o  y e a s t s  and  
f u n g i ,  b u t  n o t  t o  th e  e x t e n t  o f  th e  o th e r  p o ly e n e  com pounds. 
T h is  i n f o r m a t io n  c o u p le d  w ith  th e  a n t i b a c t e r i a l  a c t i v i t y ,  
s u g g e s t s  t h a t  e p i r o d i n  may n o t  b eh a v e  i n  th e  same m anner a s  
t h e  p o ly e n e  a n t i b i o t i c s .  P e rh a p s  th e  l a c to n e - p o ly e n e  sy s te m  
r e s u l t s  i n  enough  o f  a  change  i n  p o l a r i t y  t o  c a u se  th e  i n t e r ­
a c t i o n  b e tw e e n  s t e r o l  an d  a n t i b i o t i c  t o  be l e s s  i n t e n s e .  Thus 
e p i r o d i n  i s  e f f e c t i v e  a g a i n s t  r e d  c e l l s  b u t  n o t  a g a i n s t  g row ­
in g  o rg a n ism s  s u c h  a s  y e a s t s  and  f u n g i .
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IV. CONCLUSION
The UNH s t r a i n  o f  E n icoccum  n ig ru m  was shown t o  p r o ­
duce hum ic a c i d s  w i th  a n  am ino  a c id  and  p h e n o l c o n te n t  s im ­
i l a r  t o  t h a t  r e p o r t e d  by  o th e r  w o r k e r s .  They w ere fo und  
t o  be i n a c t i v e  a g a i n s t  A , s a l i n e . B .s u b t i l i s . and  C , p y r e n -  
o id o s a .
S tu d ie s  w ere  made c o n c e rn in g  th e  e p i r o d in  p ig m e n ts  
w h ich  have b e e n  r e p o r t e d  o n ly  i n  th e  UNH s t r a i n  o f  th e  f u n ­
g u s .  E p i r o d in  m ix was fo u n d  t o  be h ig h l y  s o lu b le  i n  v e ry  
p o la r  o r g a n ic  s o l v e n t s ,  b u t  i n s o lu b l e  i n  w a te r .  I n  l e s s  
p o l a r  s o l v e n t s ,  i t  was o n ly  s l i g h t l y  s o l u b l e ,  and  i n  non ­
p o la r  s o l v e n t s ,  i t  was i n s o l u b l e .  E p i r o d in  mix c o u ld  n o t  
be d i s s o lv e d  i n  a c i d i c  m e d ia , b u t  i t  was r e a d i l y  d i s s o lv e d  
i n  b a s i c  m e d ia . T hus i t  was shown t o  c o n t a in  b o th  p o l a r  
and  n o n - p o la r  f u n c t i o n s .  S o l u b i l i t y  i n  d i l u t e  b i c a r b o n a te  
d e te rm in e d  th e  e p i r o d i n s  t o  be  f a i r l y  s t r o n g  a c i d s .
T h in  l a y e r  c h ro m a to g ra p h y  o f  th e  e p i r o d i n  p ig m en t 
showed i t  t o  be com posed o f  tw o  com pounds d e s ig n a te d  e p i ­
r o d in  T f o r  th e  h ig h e r  s p o t  and  e p i r o d i n  L f o r  th e  lo w e r  
o n e . U V -v is ib le  s t u d i e s  w ere made on e p i r o d in  mix t o  d e ­
te rm in e  th e  s t r u c t u r e  o f  th e  ch ro m o p h o re . I t s  T^max s u g ­
g e s te d  a  s e r i e s  o f  s e v e n  c o n ju g a te d  d o u b le  b o n d s t h o w ev e r, 
th e  sh a p e  o f  th e  s p e c t ru m  was n o t  th e  c h a r a c t e r i s t i c  p a t ­
t e r n  f o r  s u c h  a  s y s te m . F o llo w in g  sod ium  b o ro h y d r id e  r e ­
d u c t io n ,  th e  u s u a l  s h a p e  was o b s e rv e d .  T h is  i n d i c a t e d  t h a t  
th e  a lk e n e  c h a in  w as f u r t h e r  c o n ju g a te d  t o  a  c a rb o n y l  f u n c -
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t i o n .  P h o t o s t e r e o i s o m e r i z a t i o n  o f  th e  m o le c u le  w i th  I 2 
c a t a l y s i s  show ed t h a t  th e  ch rom ophore  e x i s t e d  i n  an  a l l -  
t r a n s  c o n f i g u r a t i o n .  The tw o com p o n en ts  o f  e p i r o d i n  mix 
w ere fo u n d  t o  c o n t a i n  th e  same ch ro m o p h o re .
I n f r a r e d  a n a l y s i s  o f  e p i r o d i n  m ix showed i t  t o  c o n t a in  
h y d ro x y l and  c a rb o n y l  f u n c t io n s  a s  w e l l  a s  m e th y l and  m e th ­
y le n e  g ro u p s .  M ass s p e c t r o m e t r y  o f  th e  t r i m e t h y l s i l y l  e t h e r  
d e r i v a t i v e  o f  e p i r o d i n  m ix  in d i c a t e d  a  r e l a t i v e l y  h ig h  mo­
l e c u l a r  w e ig h t f o r  th e  p a r e n t  com pound. I t  was e s t im a te d  
a t  953.
S ta n d a rd  q u a l i t a t i v e  o rg a n ic  m e th o d s w ere a p p l ie d  t o  
e p i r o d in  t o  g a in  i n s i g h t  r e g a r d i n g  i t s  c h e m ic a l n a t u r e .  D e- 
c o l o r i z a t i o n  o f  b ro m in e  o r  p e rm an g a n a te  s o l u t i o n s  r e i n ­
f o r c e d  th e  e x i s t e n c e  o f  th e  c o n ju g a te d  a lk e n e  ch ro m o p h o re .
A p o s i t i v e  r e s p o n s e  t o  t h e  h y d ro x y la m in e  h y d r o c h l o r i d e - f e r r i c  
c h l o r id e  t e s t  show ed a  l a c to n e  o r  e s t e r  g ro u p in g  t o  be p r e s e n t .  
A p o s i t i v e  r e a c t i o n  t o  p e r i o d a t e  i n d i c a t e d  a  1 ,2 - g l y c o l  
o r  an  O '-h y d ro x y  a c i d .  F u r th e r  c h e m ic a l  s t u d i e s  w ere d o n e , 
m o s tly  o f  a  q u a n t i t a t i v e  n a t u r e .  The f a i l u r e  o f  e p i r o d in  
t o  f ra g m e n t on s a p o n i f i c a t i o n  in d i c a t e d  t h a t  e p i r o d i n  c o n ­
t a in e d  a  l a c to n e  an d  n o t  a n  e s t e r .  I n  a d d i t i o n  t o  th e  
l a c t o n e ,  t h e r e  w ere  tw o  f r e e  c a r b o x y l ic  a c id  g r o u p s .  E ig h t  
t o  t e n  h y d ro x y l  g r o u p s  w ere  p r e s e n t  o f  w h ich  a t  l e a s t  f o u r  
w ere 1 ,2 - g l y c o l s .  T h e re  a l s o  a p p e a re d  t o  be a  t h i r d  g ly c o l  
in v o lv e d  i n  th e  l a c to n e  fo r m a t io n .  D a ta  s u g g e s te d  t h a t  th e r e  
m ig h t a l s o  be a n  - h y d ro x y  a c id  g ro u p . H ydrogen  u p ta k e  by 
e p i r o d in  m ix show ed s e v e n  u n s a tu r a t e d  f u n c t io n s  th e r e b y
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l e n d in g  s u p p o r t  t o  th e  p ro p o s e d  ch ro m o p h o re , P o ta s s iu m  p e r ­
m anganate  o x id a t io n  o f  e p i r o d i n  m ix r e s u l t e d  i n  th e  i s o l a ­
t i o n  o f  tw o a l i p h a t i c ,  d i c a r b o x y l i c  a c i d s ,  s u b e r i c  an d  a z e -  
l a i c .  From th e  d a t a  o b ta in e d ,  a  w o rk in g  s t r u c t u r e  f o r  th e  
e p i r o d i n  m o le c u le  was p ro p o s e d .
I n v e s t i g a t i o n s  w ere c a r r i e d  o u t r e g a r d i n g  th e  b io l o g ­
i c a l  a c t i v i t y  o f  e p i r o d i n  m ix . I n  a d d i t i o n  t o  i t s  t o x i c i t y  
t o  B. s u b t i l i s  and  A. s a l i n a . e p i r o d i n  was a b l e  t o  i n h i b i t  
th e  g ro w th  o f  th e  y e a s t  S . c e r e v i s i a e  and  t o  c a u se  l y s i s  o f  
human e r y t h r o c y t e s .  A d d i t i o n  o f  s t e r o l  t o  th e  y e a s t  a s s a y  
r e s u l t e d  i n  a lm o s t  c o m p le te  r e v e r s a l  o f  i n h i b i t i o n .  S t e r o l  
a l s o  r e t a r d e d  h e m o ly s is ,  b u t  i t  was n o t  a b l e  t o  s t o p  i t  
c o m p le t e ly .  Human s e ru m , on th e  o th e r  h a n d , was v e r y  e f ­
f e c t i v e  i n  p r e v e n t in g  h e m o ly s is .  E x a m in a tio n  o f  s e v e r a l  
com ponen ts  o f  human se ru m  showed o n ly  & - g l o b u l i n  and  c h o ­
l e s t e r o l  t o  be  c a p a b le  o f  r e v e r s i n g  h e m o ly s is  t o  an y  e x ­
t e n t .
From th e  c h e m ic a l  d a t a  o b ta in e d  r e g a r d i n g  th e  s t r u c t u r e  
o f  e p i r o d i n  m ix and  th e  b e h a v io r  o f  th e  compound i n  th e  v a r ­
io u s  b i o l o g i c a l  a s s a y s ,  i t  a p p e a r s  t h a t  e p i r o d i n  s h o u ld  be 
in c lu d e d  among th e  p o ly e n e  m a c ro l id e  a n t i b i o t i c s .  A l l  o f  
th e  members o f  t h i s  g ro u p  o f  com pounds d i s c o v e r e d  th u s  f a r  
have  b e e n  i s o l a t e d  from  s o i l - d w e l l i n g  b a c t e r i a .  T h e r e f o r e ,  
e p i r o d i n  r e p r e s e n t s  th e  f i r s t  p o ly e n e  m a c ro l id e  a n t i b i o t i c  
t o  be i s o l a t e d  from  a  f u n g a l  o rg a n ism .
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